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This military-developed text consists of nine lessons 
dealing with investigative photography. Covered in the individual 
lessons are the following topif:s: light (light as the basis of 
photography, the behavior of light, the composition of white light, 
light transmission, reflection and absorption, illumination, and 
pinholes and light); camera lenses and optics (types of lenses, lens 
defects, lens focal length, aperture setting and light control, lens 
angles, image size, the circle of confusion, and lens focusing 
characteristics); cameras; films (black and white films, color film, 
diffusion transfer reversal system materials, anij f ilra, selection ) ; 
principles of exposure (basic outdoor exposure, interchangiiig the 
stop and shutter speed, light meters, exposure with artificial light, 
filter effects, filter types, and film factors); photographic 
chemistry and processing (film development, negative developing 
solutions, the effects of developer and negative density, developer 
life, processing the negative, negative processing problems, printing 
paper and printing, and processing the print); copy and small object 
photography (photographing small objects and f ingerp.rints^ j and crime 
scene photography (photographing crime sceoes and article^. of 
evidence). Each lesson has an objective, suggestions for study, a 
reading assignment, review exercises, and answers to the exercises. A* 
course exam is also included, but no aiiswers are available. (HN) 
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The militaty-<3eve3cped curricialum materials in this course 
package were selected by the National Center for Research in 
Vocational Education Military Curriculum Project for dissen- , 
iBation to the six regional Curriculum Coordination Centers and 
other instructional materials agencies. The purpose of 
dLssemnating tiiese courses was to make curriculum materials 
developed by the miUtary more accessible to vocational 
educators in the civilian setting. 

The course materials were acqinred, evaluated by project 
staff and oractitioners in the /field, and prepared for 
dissemination. Materials '/Men were specific to the nlitary 
'were deleted, copyrighted materials -^ra either onitted or appro- 
val for theii;'us6 was obtained. These course packages contain 
curriculum/ resource materials which can oe adapted to support 
'A^cational instruction and curriculum devei^optient.' 
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One hundred twenty courses on microfiche 
(thirteen in paper form) and descriptions of 
each have been provided to tf^e vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi- 
nation. 

Course materials include programmed 
instruction, curriculum^outlines, instructor 
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manuals. 
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Cours* Oescnpiion ^ 

This course »s designtxl to provide theory information to studenis concerning basic photography and somS of the procedures of investigative photography, 
The coursc'cpnsists of nine lessons, Lesson 7 was deleted because it deals with specific militery equipment. 



Lesson 1 - Light gives an introduction to light as the basis of photography , defines the terms used about light, and discusses the behavior 
of light, the composition of white light, i»ght trensmtsston, reflection end absorption, illumination, and pinholes end light 

* 

Lesson 2 - Camera Lenses-Optics gives an introduction to Icpses, defiiSs the terms used about lenses, aod discusses types of single lenses. 

aberrations and other defects of lenses, lens focal length and focal plane, aperture setting end light control, lens angles, image 
size, the circle of confusion, and lens focusing characteristics. 



Lesson 3 - 



Lesson 4 — 



Lesson 5 — 



Lesson 6 — 



Lesson 8 
Lesson 9 



Cameras gives an introduction to cameres, defines the terms used about cameras, and discusses a variety of cameras and 
focusing mechanisms. 

Fums gives an introduction to films, defines the terms used in films, and discusses black and white film characteristics, color 
film, diffusion transfer reversal system meterials, and selection of film. 

Pnnciptes of Exposure gives an introduction to exposure, defines the terms used about exposure, and discusses basic outdoor 
exposure, interchangmg the stop and-the shutter speed, light meters, exposure with artificial light, filter effects, filter types, 
and film factors. 

Photographic Chemistry and Processing introduces development and discusses negative developing solutions, the effects of de 
veioper and negative density, developer life, processing the negative, negative processing problems, printing paper and printing, 
and processing the print. 

Copy and Smali Object Photography discusses copying, small object photography, and photographing fingerprints. 



Crime Scene Photography gives hints on how to photograph specific crime scenes and articles of evidence. 



Each lesson has an objective, suggestions for study, a reading assignment, review exercises and answers to the exercises. The course was designed for stu- 
dent seif'Study and evaluation m a laboratory or on-the-job learning situation. A course exam is included but no answers are available The first five 
lessons can be used m any basic photography course. The last two lessons can be used in career units on photography. 
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' ' 'r^ C . • . ' V ''V'*'*'^ ' ^ * ^. ^ ' > ''".^ 

• ';^.photograph,v is a held.^uf jK^u^vifty u>>tb a varku ottn^^ni^^s to diffel^ent peojp^le. 

• To sxjrjae it is. a teehriical; s^ence^-^dealijog vvi^hxheii^ and the physics of light^^- 
ajQd. optics. OfhSrs thii\k of it;Vs -a, gr^bhic expfessional art subject to changes in ^ 

[ ^texture, moods of Ughtihg^,^ aifd changing tCne of grays or variable coloys.. To-t ; 
* \ most it^s the ^anciay. snapshot of the'wife and»<:luldreh. TO the criminal inyektt- • 
' .gator photpgrAphy IS an exten^iorfof his iiivegtigatiVe tfechniqUe, an aid iq^i^el&ting 
and estal^lishing the facts.in a ca^e/jind a tool used to communicate recorded 

* 'lafoi::hiatioo to others.* ' J . * . .' . ' . *^ • 

* to order for the investigator to mastet the use'ot this valuable too^and^use it 

'•properly, Be.must become familiar 'with some of the peculiarities of photography. 

' Aii understanding of photo chemistry, light, and optics must* be developed by^the 
investigator. He must learn^to capture the facts as they, aatually exist, avoiding • 

. an Involvement in creating *'a^t'* which could distorjt the true facts. This under- 
standing is needed becjku^e the.^pictiire taken mu§t be o'f a quality and type-which^ 

' can be used in- an investij^ative regort andjpres^nted in c'ourt. It is an objective 
graphic method of communication which illustrates to others what -the Jnvestigator 
discovered xiuring his investigation. *^ ' . 

.T.be' objective. of this subcQurse is to convey to the student the JMormatiori * 
which will eAable.him to make' use of photography' a^' an investigative tool; tt is ' 
not intended to make. an investigator a*phot0graphe.r, but it is intended to give 
him enough information to .produce photographic, results which are acceptable to • 
supplement fhe investigafive report and to be efitered into court proceedings as 
. evidenq^e; * . .>1 ; ' V ' ^ v. 

- ..C<, --^ ' ■ ■ . . 

This 5ubcourse, consists of nine (9) lessons arid an examination, as follows: 



' Les^n 'i^ • Light: 
Les-son -2. -.Camera l.enses;^Optics. 
••iesson 3. . " Cameras". . , 
Lesson' 4. Films, 
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THiS'.SUBCQUBSE SHOULD Bi:*-COMPL ) 
^fi'ETUENED>bR GRADING WITHIN SIX MONTHS:* 



Lesson S 



Lesson 6 



Principles of Exposure 

Photo^;ra::j»ic Chemistry and Processing 



aO r\T^y cameras 



Lesson 8. Copy and Small Cbje:: Photo^^rr-.pny 

Lesson 9. Crinie Scene Phcxogra::';/ 

ExaoinatiDn 

Twenty-five credit ho'jrs are '.ilcNei for z*' 
of this subcourse. 

You will grade your own" lessons using the"* lesson solutions inclosed 
in your subcourse packet. Follow these simple A, 3, C's in studying all 
lessons for this subcourse. 

A. STtKjy the "Text As^gnment'* for the lesson. 

B. After thorough ?tudy.. conplete cacn of the ''Requirements/' circling^ 
or' marking your an^^wer? m t''^^ exerci-e ^ooVIer itself. .Vou nay either 
complete all requirerents before §raG:na or grade yoih: O'.n requirements 

one at a time, whichever you cnocse. if you grade your^squirements one - 
at a time, be sure that you do not cnecK the next exercise solution before 
completion of the exercise. If you do, you will deny yourself the opportu- 
nity to develop your own solution to the exerc:$e since you ViH aTready 
know the answer. How can you tell how well vou are learning the material 



if yd^^look at the .T?'*^wers irx idvanc 



C. If you incorrectly .an-wer an exercise, look up the text reference 
listed on the solut iqn. sheet . Study this re^^ence and compare it' 1?S ail 
the possible exercise solutions. 8e sure that you understand why the 
school's solution is best. If vou cannot understand this, you may write 
us for further assistance. ^ This «*ill correct errcneous chinking on your 
part and reinforce the learning process. By following this procedure, 
you will be in the best position to .successfully complete z^e examination. 
Remember, the more you study and the more ycu understand the exeri^^ses. 
the better will bo your examination grade. 

^sTien you have Cv^^ro". erei rr. 1 jess'^ns tcX -our ^atisraction,^ ycu may 
commence work on your txamiPr.ticn whu"^ ((as been forwarded to"you along 
with vDur subcourse bookie; . 
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Investigative Photography. 
.Light. 



CREDIT HOURS 



TEXT ASSIGNMENT 



Attached Memorandum, 



MATERIALS REQUIRED 



LESSON O&JECTIVE 



None. 

To provide vou with a knowledge of 
light as it applies to photography. 



SUGGESTIONS 



None, 



ATTACHED MEMORANDUM 

This attached m^rnorandum includes information extracted from resident in- 
structional malerial of the United States Army Military Police School, and TM' 
ll-Aoi-l. In case of conflict between the attached memorandum and other publi- 
cations, the material contained in the attached memorandum will apply to this 
lesson assignment. ' 



1. INTRODUCTION. Light is'the basis of photography, therefore it is fitting 
that we begin 'vithV'studx of light. It is important to understand some properties of 
li^ht, for a picture is not a dirept duplication of the subject, but of the lighit which is 
reflected from it. With a basic understanding of lighUs behavior, the photographer is 
able to utilize different light sources, photographic lenses, and, light sensitive films. 
The photographer must learn to think in terms of light. Without the correct amount 
of light, there will be no image or the image will be an unacceptable one. The in- 
vestigative photographer must be aware that simply by var>ing the light source, 

the entire composition and mood of the photograph can be changed. Again, the in- 
vestigative photographer rtiust produce a photograph which is objective, reporting 
facts with the picture, without distortion of truth. 

2. TERMS. The di ii'mtions <xiven in this paragraph are not necessarih the 
most important term^ m the lesson. Additional Xerms ami detinitions will be found 
throughout the lesson and thobe given beluw ma> be listed onlv in the interest of 
clarification. 
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.1* MILUI^IICRON or - A unil '-f-niith K'Oky^-. -u- x i5v !- . .M* -h nf n 
millimeter. ^ 

b. FRfeQUENCY - The number of rt ualti'^n.^ / .i pcnociic nrocess m a 
unit of time. 

c. OPAQUE - Not trcnspareni <>r tmnsiucent. 

* -> 

d. TRANSLUCENT - Adnattmg and diffusing resjltm:; m that oc^ 
beyond cannot be clearly discmguisned. 

e. PERPENDICULAR - A hne -it ri-ht ar-ies-c; -he .>f anothtrr iine 
or surface; exactly vertical or upri^'nc. 

f. ANGLE OF INCIDENCE - Angle at which liixht arrives at a surface 
< Figure S). ' 

g. ANGLE OF REFRACTION - The rietlection from a'btniizht ^nth o: - 
light ray in passing obliquely from one mediu;:; cc m^tht-r (Fii^urc- 

h. ANGLE OF DE\'IATION ^ Differen'-e between an^ie oi :nci:ience ra; 
and the path of the re^ra^^ed ray r Figure 

EMERGENT RAY - The path oi !i*j:ht rav nfter irnvin^ one med'V^ 
and entering another, i.e. , from glass to air • Figure 

j. CANDLE POWER - A standard for me.\surmg the brilliance of 
illumination. The higher the candle power, the bn^hler the illunii.-^ation. 

k. EMULSION - A light senbitive L A ^ i -al: ^^^v; -.r/icd in 
gelatin, spread over ^spermanent support such as -^Mnsb, ui ;^ii.er. 

L MONOCHRO.UATIC - A single color. 

3. BEHAVIOR OF LIGHT. Early in the rvintieth centun tne scientist 
Max Planck <levelc^ed a theorv that any radiating oody *.*;•! ^.\o ^^f .mc'rg^• in smal! 
particles, which he called quanta. Einstein demonstrated, »Mth m-the'v?t»c?. that 
quanta (also call^ phfetons) have a frequency *see 3a(2U and can he measurer!. .\ 
knowledge of th^ prcpertics of li;rht aids the ph-to-ntph- r in in!t»ri>nt ua\s under 
various conditioh«. 
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a. Classification of Ligfit . Light, as a form of radiant en^rgj', is 
classified according to wave length and frequency* 

(11 A wave length is the ineasureme'ht of light 'from crest to crest 
(Figure 1). It ^vas discovered that wave lengths are different for each color and 
that their wave lengths are ver>' small. For example, the wave length of yellov/ 
light is about a forty thousandth of aji inch (0,. 00006 cm). 

(2) The frequency of light is the counting of these small wave lengths 




Fig 1. Light Wave Length 

V 

b. Light Rays and Waves. Light is described as having a wave motion 
character .md a ray character (see Figure 2). Both of these actions occur 
simultaneous!} dnd the> are actually just different ways of looking at the same light 
oehavior. However, these two views of light aid in the discussion of how light will 
affect an 'object. For most practical purposes in photography, light rays are said 
to travel m a strau^t line. V\'hen an object blocks some of the light ra\s, a ^'hadow 
IS cast and this shadow will give the object shape. Shadows are important in that 
they give a picture depth and mood. 
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c. The Visible Spectrum (Figure The electromagnetic spectrum 
includes the entire range of vvavelengths and frequencies of electrotnagnetic 
radiation. It expends from gamma rays to the longest radio waves and includes 
\\hat the human eye sees a's visible light. The visible spectrum is a very small 
part of the electromagnetic spectrum. Each of the varying wavelengths of visible 
light has its ow-n tv-pical '"olor. Visible light wavelengths are from 400 millimicrons 
to 700 millimicrons. 
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4. COMPOSITION OF WfilTE LICHT.^ White light is composea oi all \is:hit' 
light wavelengths in the visible spectrum. Sunlight is white light and is ah ideal 
or equal blending of all the wavelengths of the- visible spectrum. If any of these 
wavelengths are missing, eveii in part, we have another color instead of white 

a. Dispersion of light is the process of passing white light through a 
^rism or material with similar properties, separating the light into its coior 
components. The light that emerges will be split into a' ornd of coiore J light 
(see Figures 3 and 4). The amount of dispersion wi^! -ary in acccrcL-nceTvith 
t\pe of glass used. For example, a prism of dense glass v^ll disperse light ravs 
to a greater degree than a prism of less densi^v. 

. ^- I ^Q^Q'' Wa velength. Each color of the spectrum represents lii,h. move- 
melil'lt^di0rent frequencies or wavelength (violet at/400 millimicrons and" red at 
700 millimicrons). The shorter the colors wavelength the mpre it will be ben,t as 
it passes through a transparent substance. This behavior of light is called refraction 
(paragraph 6). Therefore, red light wavefe, being 'the longest, will be bent the least. 
The action of refraction helps to explain disper-si.6n of white light. As light enters 
rthe prism the frequencies are bent independently into its color pa^t?. 




1 

lOOMU / 
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Fig 4. Dispersion of Light by a Prism 
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c* Sir Isaac Newton's experiments with prisms showed that ordinary 
\vhite light, when passed through a prism, contained all visible colors. He 
proved this pomt vshen he passed a band of colors produced by one prism through 
a second prism, with a lens in between (Figure 5). The lens and prisms were 
spaced so that the second prism brought the separated colors together again to 
form white light. 




Fig 5. Newton's 'Experiment Showing 
Composition of White Light 
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5. LIGHT TRANSr.ii'SSIOK, REFLECTIO}! ^rO ABSORPTIO.^I. . Ligm 
rays traveling in a straight line wili be trans ;nitt.-a through, reilejced, or 
absorbed, or a combination of these actions will occur, when they encounter 
any substance. The tjpe oi action which will take place will depend on whether 
the 'substance, or medium, is transparent, transl'u^ent, or opaque (Figure 6> 



LIGHT ^V'S 




CLEAH GLA5.!5 
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Figurefi> L.ght Transmission, Reilection, and Absorption. 



4-12 I; 1-8* 



ERIC 



2^ 

^ JL 



( 

a. Transmission^ Transmission of light is said to occur when light ^ 
passes through a medium (i.e/, glass, a transparent medium, or frosted glass, 
a translucent medium)* 

b. Rejection . Light rays that are not transmitted through or absorbed 
by an object are said to be reflected. Light rays striking the-surface of a medium 
are called incident rays. The point where the light rays and object come in contact 
IS termed the point of incidence. Light reflected from an object falls into two groups 
specular and diffused. 

' (1) Specular Light . Specular light travels in one direction. The 
incident light ray striking a perfectly smooth surface will rebound at exactly the 
same angle at which it strikes the object. (5ee Figure 7, ) 

^ " i2\ Diffused Light. Diffused light is light that is scattered in several 

directions when its rays hit an uneven surface. The incident ray will be reflected 
off the surface at various angles (Figure 7). Most objects that are photographed 
will reflect both specular and diffused light. 

\ 




Fig 7. Reflected Light 
4^-12 I; 1^9 



c. Absorption^ Light will normally be absorbed to some degree no 
matter what type of surface is encountered. The coior of an object is largely a 
matter of absorption and reflection. When white light falls on an object that 
absorbs some of the wave lengths and reflects or transmits others, the object 
appears to have color. The wave length that is reflected or transmitted determines 
the color of the object. For example, a red object appears red because it reflects 
or transmits only the red wave lengths. The ocher wave lengths, which produce 
green and blue, are absorbed by th^ object. ^ 

G. REFRACTION. Refraction is the bending, oi oeilection, light ray^ 
when they pass at an angle from one tntnsparent medium to a second transparent 
medium of a different density 'i. e, , air glass, or air to water, etc. ). 

a» Law of Refraction . If a light ray falls perpendicular, or normally, upon 
a surface between two mediums of different density, the ray is not bent. If the light 
strikes the surface at an angle, the light ray will be bent. The direction in which the 
light is bent is dependent upon the density of each medium the light is traveling through. 
For discussion purposes, the mediums which light will be traveling through are air 
and glass, although the law of refraction applies as well to other mediums. A light 
ray, in passing from a medium of lesser density (air) to one of greater density ^glass;, 
is bent toward the normal or perpendicular. In passing from a medium of greater 
density to one of lesser density, the ray will be bent away from the normal. (See 
Figures,) ____ 

b. The greater the angle oif incidence and the greater the differences^ in 
densities of two mediums, the greater will be the angle of refraction. 

c. Ij^ex of Refraction . Light travels through substances of different 
densities at varying speeds. For e.xample, the speed of light traveling in glass is 
approximately 120,000 miles per second, whereas light traveling through air is 
approximately 186,000 miles per second. The ratio between the speed of light in 
one medium to its speed in another medium is known as the index of refraction. A 
practical use of this knowledge is in the determination of the angle of refraction of 
lenses made of various types of glass and used for varying purposes. 

7. ILLUMINATION. The intensity of illumination on an object will depend 
upon the strength of the light source and the distance from the source to the object. 



ANGLE OF/ 
INCIO'ENCE 



PATH OF REF^ 
LJGHT RAY 




ANGLE OF \ 
DEVIATION \ 



SURFACES OF — 
HEAVIER MEDIUM 




NORMAL 



Fig 8. Terminolcgyjin Refraction f 
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^. Inverse Square Law of Li^cht . Light intensity diminishes inversely 
with the square of the distance from the light source to an object. Light from a 
point source (i.e., light bulb) will, spread out in a room both horizontals^ and 
vertically. When the distance from the source is doubled, the area over which it 
must spread is increased four ri.r^p.-. In Figure 9* a card is placed 1 fooc, 2 feec, 
o iVet, and 4 feet from a lighc sum-cb. V.Tien the card is placed 1 foot from the 
light source, the intensify of illu-iination is equal to the candlepower of the Uj^ht 
source; when the card is moved tc n poinc 2 feer from l;ght so^irce, the ^terrc- 
lb one fourth as bright; when che card .3 movci 1:0 a point, 3 ^vo.t the-it'»hf 
-curce, the intensity is onr^-ninch :.s bright; and -yhen tne card .s r^.oveo to a ool: 
4 feet from the light source, the intensi^v is onersixteenth as bright. As tlie object 
is movef^ -^'losVr to the lighc icurcv '^i* proce^;.s v^vercej and tne object ac *;'ear3 
brighter (see Figure 9). 




SAVE AMOUNT OF l^GMT COVERS 9 SO FT DOTTED SQUARE 
RECEIVES 1/9 AS MUCH LiGHT AS IT DfO AT A 



4 CT 



!aw 010^;°' '''''' '^'^'-Orr^o iOu.Pf PEC£,.^3 ,.,6 « MuCh ...ghT 1 



fig y. Inverse Square La^v 



b Brightness represents the quantity of light Reflected from a §utface 
that has .been illuminated. The amount of light reflected depends on the haturf of ^- ; 
the surface. The glossier the surface, the more specular tlt|./eflectxon; t^e ^oxe . -.^ 
matte (dull) the surface, the more diffuse the reflectic^. TQnes.- feom- White to , * 
black, also play a part in the degree of reflectivity of the -surface. Therefore, a . 
ven- glossy white surface will apprpximate the. effect of a mirror; a diffuse white ■ 
surface, like a blotter, is not subject to specular .reflectio;^and,giyes a scattered ^ 
light Normally, surfaces are a compromise betNVeen the two ex^remts. • 
distance from a camera to the subject has no effect on brightness.. If*th? camprtf. ; . 
were moved away from a surface to be photographed, subject brightness^U remain;.- 
aboi^ha same. i 



c The relationship of brightness extremes ^nd the relationship pf 
brightness areas to shadow areas are factors that must be considered,^ traiislate^ , y 
into values, and reproduced in a corresponding scale of shades on a light sensitur* 
emulsion. Because photographic emulsions lack the extreme sensitivity of.the { 
human eye and the ability to be selective, the photographer must control ^he- ratio' 
of brightness extremes of a subject. He achieves this through judicious- use df_ - 
subject selection, control of light intensity, control of light directiop, control ol • , 

the direction of shadows, and control of the amount of reflected light. The p^ljotographer 
must aim for reduced brightne$s extremes, so that the light-sensitive emulsion can ' • _ 
effectively reproduce conditions without sacrificing subject detail or reducmg the ^ • 
range of shading of the subject as it appears in the finished photographic print. . • , 

• 8. A PINHOLE AND LIGHT. . . 

a. The behavior of light through a pinhole has long been known. In earlier 
times it was called a "camera obscura. " The caniera obscura was a light-tight 

^ enclosure with a small hole in one side. The light rays entered the inclosure through 
this small hole and' produced a picture, on the wall opposite the hole, of the object 
outside. 

b. As light travels through space,_ it will travel in a straight line. Because 
of this fact the passage of light reflected from and through a pinhole Will cause the 
reflected Ught to form an inverted image (Figure 10). . 

c. A drawback on using -this type of apparatus for practical photography 
is that the image formed is not a bright one. The pinhole must be small in order to 
get a relatively sharp image. . For this reason, long exposures are necessary to 
produce an acceptable image. However, if several, separate images (Figure 10) 
could he placed upon each other the image would require less exposure time. 

Figure 10 illustrates how this could be accomplished through the use of prisms,, which 
introduces the employment of optics in photography. / 
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^ EXERaSES 

REQUIREMENT, The following exercises are multiple choice. There are four 
alternatives to each exercise* You are to select the one alternative that is correct 
and indicate your choice by circling the correct response directly on the 
exercise booklet. 



1, Light is clas^ied according to 

a. color and speed.^^ 

b. frequency and color. 

c. wave length an^ frequency, 

« 

d. speed and relativity. ^ 

2, Visible light wave lengths are from 
2L. "lOO^ 400 millimicrons. 

b. 400 to 700 millimicron^. 

c. 700 to 1000 millimicrons. 

d. 1000 to 1300 milUmiQrons. 

3, The process by which white light passing through a prism is separated 
into its color components is called 

a, dispersion, 

b, refraction. 

c, disintegration, 

d, separation. 
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4. The ^h^nor i olor's vvave lenf^h, tht^ r ore it uill be 

a. bent ^hen passing through a transparent substance. 

b. scattered m an infinite number of uirections. 

c. CQnccntru:.'^ jpoa a single spot or in a single ra\. 

d. beparate^^ Ir.to i.j ] M.iicir> end ^ccordax-v color. 

o. The light rays striking the surface of a medium are called 

a. X rays. 

b. transparent ^i\s. 

c. visible rays. 

d. incident rays. 

G. The direction in which ^hi is H^nt, -a hen passing thr-uv -U 
n^ediums, is dependent upon th 

a. speed of light. 

b. density of the me'Hum. 

c. v%ave length of th .^ht. 

d. frequenc\ of the liiint. 



2a 
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7. The ratio between the speed of light in one medium to its speed in 
another medium is known as the 

a. Inver«^e Square Law. 

b. Theor>' of Relativity. 
' c. Plilnck's Theorem. 

d. Inde.x of Refraction. 

8. According to the Inverse Square Uw of light, when the distance from 
the light source is doubled, the area over which it must spread is increased 

a. two times. 

b. four times. 

c. one time. 

d. eight times. 3 

0. .A matte, or dull, surface reflection v.ould be said to be 

a. diffuse. 

b. specular. 

c. refracted. 

d. dense. 



ERIC 
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The light from a ^^hole will form 
a* a halo effect. 

a photographic e/mulsion. 
c. an inverted image, 
d* an emerg:ept ray. 



« 
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ATTACHED MEMORANDL'M 

This attached memorandum includes information extracted from resident 
instruetional material of the United States Army Military Police School and 
TM 11-401-1. In case of conflict between the attached memorandum and other 
publications » the material contained in the attached memorandum will apply to 
this lesson assignment. 

1. INTRODUCTION. A camera optic, of lenSv is a spherical and 
symmetrical piece of polished glas> that refracts light nns so that a clear, sharp 
image is projected on^the rear wall of a camera. 

a. The purpose of the camera lens is to'gather light, bv refracting 
the light rays, to produce an image which is sharp, clear and without distortion. 

b. In Lesson I it was shown that a simple pinhole will produce an 
image on the opposite wall of a light tight box. Also, ii one were to place prisfns 
at various locations, a brighter image would result b\ imposing one image over ^ 
the other. The photographic optic is. in fact, prisms ptaced in different arrange- 
ments to bend the light and produce the sharp, clear, undistortcd image which will 
be acceptable as a photograph. 
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2. TEH.MS, Th&detinitions given in this soction are not necessarily 
the mo^t important terms in the lesson. Additional terms and definitions 
uill be found throughout the lesson, and those t^iven below may be Jisted only 
in the interest of clarification. 

f 

XI. Refraction - Thr^ deHection from a straight path of a light ray 
in p^ibsing obliquely from one mectium to anotiier (para 1). 

b. Concave - Hollosved or rcan^ied inv.arc (orira 3). 

c. Convex - Curved or rouadea like the exterior of a circ;e (para ? 
^ d, ^ Converge - To come together and urate in a common focus. 

e. Astigmatism - The inabi^ty of a lens to focus both horizontal 
and vertical lines sharply at the same time (para 4), 

f. Coma - A spherical aberration in which the image of a point 
source is a comet-shaped blur. 

g. Aberration - An optical defect which causes imperfect images 

(para 4), 

Curvature of Field - Distortion caused by the curvature of a 
concave lens (para 4), 

i. Newtofig^(^ihgs - ' Irregular light and dark bands which appear 
between the surfaces of positive and negative lenses when they are pressed 
together (para 4). • 

J- Flare - Stray light which causes bright spots on exposed film 

(para 4). 

k. Aperture - The lens opening that regulates the amount of Ught 
entering the lens (para 6). ' 

I- E)iap:iragm - An adjustable aperture which controls the amount 
of light passing through a lens ipara 8). 

V 

m, Iniioity - A distance setting on a camera focusing scale, 
beyond which all objects are in focus. 
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n. exposure - The time that a given amount of light requires to 
create an iniagfr'on sensitized material. 

3. TYPES OF SINGLE LENSES. Single lenses are divided into two 
groups; positive and negative, ' 

" a. Positive, lenses are basically two' prisms placed base to base 
(Figure 1). These lenses form a distinguishable image, because they refract 
the light rays so that they converge after passing through the lens, '^Positive 
lenses form real images because light ravs passing through such lens converge. 
Lenses in this class are also termed convex, convergent, or collective. The 
most common positive lens is the double-convex which will cause light rays, 
from either side of the lens surface, to converge (Figure 2), Two other positive 
lens types are the plano-convex and the convexo-concave (Figure 2), The 
plano-con\ex has one curved surface and one flat surface while the convexo- 
concave has two curved surfaces, one convex and the other concave. 




Rays bent by a double prism. Paths of light rays through a 

convergent lens« 
Figure L • 
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b. A slBiple negative lens is two prisms placed apex to apex 
(Figure The negative lens forms only near images (vertical images), 
because, as the li^t rays pass through them, they are spread. These 
leases are called concave, divergent^ or dispersive. Negative lenses are 
txsually not xiaed alone but they form a part of a ccmpound lens to correct 
for errors or distortion La a compound leas. These lenses are thinner in 
the center than at the e<i;;es and cake three forms (rigure 4); the double- 
concave, plano-concave and concave--convex> 





CPOSS S€Cr;ON 
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Deviation of rays by a divergent lens. 



Deviation of rays by two prisms, 
apex to apex. 



Figure 3. 
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Types of Single Lenses*- 



Figure 4. 



4. AliKHRATIONS ANDOTHKl? DEFECTS OF LENSES- 

a. The early lensed cameras, and some present day inexpensive 
cameras^ haye difficulty producing an image free of all defects. The cameras 
used in mvestigative photography must be of high quality and free of these 
defects. The camera lenses used by the Army are usually correcf^H lenses, 
ilowever, a brief discussion of uncorrected lenses will provide some insight 
mto the fact that these defects in optics do affect image-object relationships. 

b. The perfect lens is one that will project an object in exact 
detail to form the photographic image. The simple lens cannot perform this 
task, because there are usually uncorrected defects in the optic. These 
optical defects are called lens aberrations. , • 

c. An aberraflhaji is an optical imperfection responsible for image 
distortion. It can be avoided by combining several lenses and by ellniinating 
marginal. rays refracted through the outer edges of the lens. There are six 
general types of aberrations: spherical aberrations, chromatic aberrations, 
astigmatism, coma, curvature of field and distortion. ^The camera lens will 
normally be designed to compensate for these defects, hJ^wever, the photographer 
must select with care the lens or camera he will use to insure it is a corrected 
lens or the camera is equtppea with a corrected lens. 

d. Other optical defects affecting a lens, which are usually corrected 
when the lens is designed, are Newton's rings, light loss, and flare. Although 
light loss and flare are usually corrected during manufacture, they can occur 

if the lens is misused. 

,(1) Lens Coatings . Most corrected lenses will be coated with a 
substance which will reduce one type of flare (optical flare) and which will also 
increase the optic's ^ability to transmit light, thus reducing light loss. However, 
this coating can be damaged. Damage to the lens coating can result from improper 
cleaning, excessive cleaning, and improper storage. The camera lens should be 
stored in a dry, moderate temperature and kept out of direct sunlight. Proper 
storage will help to reduce the amount of lens cleaning required. A good rule to 
follow is to clean the lens as little as possible. 

(2) Another lens problem which can be detected and reduced is 
mechanical flare. Mechanical flare is caused by stray light reflections creating 
bright spots on the fllm. These spots are usually caused by shiny surfaces on the 
lens shade or lens mount, and can be detected by careful inspection. They occur 
through normal wear on the camera finish causing the shiny metal surface to be 
exposed. The surface can be easily repaired by a camera repairman. Do not 
attempt to repair it yourself. 
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(3) Lens Shades . Lens shades are rectangular, cylindricaf 
or cone -shaped, devices placed on the front of the lens to shield it from stray 
light. Xhe length of a lens shade is based directly on the angle of v:ew of the 
lens (See Figure 5), By using the proper lens shade, optical flare can be 
reduced, and other stray ll^ht eliminated. 




Telephoto Lens Shade. 

Figure 5, 



5. THE LENS FOCAL LENGTH AND THE FOCAL PLANE. The 
focal length of the lens controls the image brightness, speed of the ians, and 
the image size at the focal plane. 



a. The focal plane of a lens is the point, and plane^ where the 
lens' projected image is clear and sharp, (See Figure 6-) This plane is some- 
times called the film plane, as the film is located at this point to capture the 
image, 

U Focal 

Length 

^ 




Parallel Light Rays 
From Infinite Distance 



Focal 
Plane 



Focal length and Focal plane • 
Figure 6. 



1'^ 
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b. Thv focal length (Figure G) is the distance from the optical 
center of the lens to its focal plane, when the lens is focused at infinity. 
The focal length is a fixed value of the len^nd.it cannot be varied by the 
photographer. 

c. The focal length determines the size of the image at the focal 
plane. The longer the focal length, the larger the image. A short focal length 
produces a smaller image with a greater depth of field (Figure 7). As the 

. picture area is affected by these lens characteristics, the scene's perspective is 
also influenced. This, then, may affect the true representation of the actual 
subject or scene. 

Speed of the Lens . .Lens speed is the maximum amount of 
light that the lens will transmit to its focal plane. The amount of light reaching 
the focal plane is affected by the diameter of the lens, the number of optical r 

\ elements in the lens, the number of reflecting surfaces, and the focal length 
of the lens. 

(1) The speed of the lens is determined by the largest lens 
diameter (called the maximum effective aperture) and the focal lengtii of the 
lens. It is based on the inverse square law (see^para 7, Sec a, Lesson 1), and 
it is the ratio of the diameter of the lens to its focal length (Figure 8). To find 
the speed of the lens, divide the diameter of the lens into the focal length. In 
figure 7 the lens diameter is two inches and the focal length is eight inches ' 
which when divided is four. The lens speed is then said to be four and written 
f/4. The same would be true of a four inch focal length with a one inch lens 
diameter. 
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Relationship-of focal length and Jight source. 



Figure 7. Relationship ol Focal length, light brightne?? 

and image size. This figure shows that, b\ 
movinfg the focal length back from the same 
dianieter lenl5, the light is less brifrht, but 

. that the imr^e size is increased. 
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Figure 8. r.ehs Speed- 
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(2) When one is dealing with lens speed it must be realized 
that the smaller the f/number, or the more equal the relationship of the focal 
length t*^e lens diameter is, the brighter.the image will be at the focal plane. 

. Therefore, a f/l leps speed is brighter than a f/4. In photo terms the f/1 lens 
is faster. 

(3) A practical application of the use of a fa^t lens is wh^n 
the light level of a scene is low and only available light can be used, i. e, , 

a night club scene* The lens speed, along with other light controls, helps. to 
regulate our use of light in photography. In short, the faster the lens, th^ 
lesser the amount of light needed to reproduce an image. 

6. APERTURE SETTING - A LIGHT CONTROL- The aperture is 
another one of, the control devices used to regulate the amount of light 
reaching the focal plane. 

a. The varying of the aperture setting is simply a matter of stoppingi 
or allowing various amounts of light to reach the focal plane without a change in 
the focal length. This is done by using as much of the lens surface as possible, 
or using very- little of the lens surface, to transmit light. \ 

b. The mechanism used to regulate how much of the lens surface is 
used is called diaphragm. Betiause this diaphragm works under the same prin- 
ciple as the iris of the human ey^vithafs been further termed an fris diaphragm 
(Figure 9). . . 

c. To standardize ho^^iuch light will reach the focal plane at fhe 
various diaphragm openings the f/value system was developed so that a common 
marking would produce the same photographic result in a wide variety of cameras 
(Figuire 10). The standard full .stop f/value system is shown in Figure 11. Lense 
manufactured in the United States are calibrated in the Universal F/stop scale. 
Not all of the stops in. the entire scale are found on any one lens; however, the 
ratio of light reaching the focal plane by each smaller f/stop is the same. Con- 
sider the amount of light transmitted by the largest stop (stop 1) as one unit. 
.The next smaller stop will transmit one half that an^Qunt of light (of stop 1). 

The next smaller stop (stop 3) will tranamit one-half oTThe^'Trmemit of lig|it as 
stop 2» or one quarter the aniourit of light as stop 1. ^ 
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Lens aperture at f/4 



Lens aperture at 



Figure 9. Diaphraijn-i or electric surface. Figure illustrates two 

<}iffcrcnl lens' settings - f 4 :gui f ir, of the same S'ze lens. 
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Figure 11. Standard Tull f/stop Scale. 



7. LENS ANGLES. 

a- Angle of field is the largest angle at which light entering a lens 
uill produce, at its focal plane, an acceptable image. 

(1) A normal or standard lens has approximately the same angle 
of field as the human eye; a wide-angle lens nas a wider angle of field and the 
long focal length and telephoto lenses have a much narrower angle of field 
(Figure 12). ^ ; 

(2) Thr angle of field has a definite effect on the size of the nega- 
tive that can be used with a particular lens, since the film may be larger than 
the area of light the len$ uill transmit. 

b. Angle of View . *The angle of view of a photographic lens deter-, 
mines actual coverage when used with a camera of a certain film size. The 
angle of view can be changed by var3-ing the focal length of the lens, film size, 
and the subject distance, 

(1) With a normal lens, the focal length is equal to the diagonal 
of the negative slie used. When a normalvfodal length lens is used with a negative 
having a shorter diagonal than the focal length of the lens, the result is a narrow 
angle of view. If the same lens is used wit^i a larger negative, the angle of view 
^ is greater. The larger the negative to be covered by a lens of a given focal 
length, the greater the angle 6f view. ^ ' : 

<2> If the focal length is equal to the diagonal of the negative, 
^ the angle of view decreases as the subject distance is shortened. 
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Figure 12. Angle oi view for various focal iength lenses. 

t2S Since the manufacturer.- usualh produce lenses for 
specific negative sizes, they also prepare tables giving angles of vieu of com- 
monly used lenses. Some manufacturers also list angle of view for vt-rtical 
and horizontal measurements of film. For.exampie. one might read' for a 
five-inch focal length lens; diagonal <ixp -five degrees, hi>nzonfai fiftx -threr 
degrees, and vertical fortv-four degrees. 

S. LM.AGESIZE. 

a. \lf the subiect distance rerft'ains constant, the focal Icn^nh of a 
lens controls the size of an image on the'fihr,. .A short focal length Ten.- has 
uide angle of view and produces, without changing the negative s.zc. a snrillcv 
image than a long focal-length lens. When two lensc.- of different focal length^ 
are used with the same film ^ize, the lens with the longer focal length include- 
lesrs of the subiect area. However, an^ sub.ect detail in that area appears l.irat r 
than It would if phot(»{;raphed with a sJiorter focal length lens. 
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size of Image in relation to focal lejigth. 



Figure 13. Lens to subject distance is the same, only the focal 
length of the lens is different, thus affecting image 
size. 

b. The focal length of the lens most frequently used v.ith a 
particular camera should be approximately the same length as the diagonal 
measurement of the negative size. Use of the correct lens causes the pror 
portions of objects to be recorded as normal. Figure 13 indicates the 
diagonal measurement of the more cor^imon negative sizes: 
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Figure 14. Diagonals of Common Negative Sizes. 



4-12 I; 2-13 



.-.-.44 - 



9. CIRCLE OF CONFUSION. The photograph is an accumulation of 
many individual points that are the reflections of points originating from the 
subject. 

a. Light rays produce a "cone'' of llghc. The top or apex of this 
cone originates at a point on the subject with the base of Uie cone at the lens. 
Once through the lens the cone is reversed and witp the base still at the lens 
the cone point is reproduceu at the focal plane which represents the subject. 
An infinite number of these cones combine to prcduo43 the phoLoqraphic imag^, 

b. These cones do not form perfect points, but ?\re -actually minuie ' 
circles of light and they are termed circles of confusion. Th-? circle of 
confusion of a photograph is the diameter of the point formed by a particular 
lens. 

c. When the circles of confusion are small enough^ they are con- 
sidered acceptable and are said to be in focus, and inverseijs when they are 
too large then the subject Ls out of focus. 

d. Several factors aid in controlling circles of confusion such as 
lens focus, aperture and the printing of the negative. 

(1) Focus is the point where light rays converge to form an 
image. By the movement of the lens, the image is brought into focus. When ^ 
the lens is not adjusted correctly so that the focal plane' is at the point of cone 
convergence, the image will be blurred. This blur is, caused by the overlapping 
of enlarged circles of confusion. This can be overcome by moving the distance 
between the lens and the focal plane to form the smallest possible circles^of-^— ^ 
confusion; — 

* 

(2) The aperture setting on the camera lens will affect the size 
of the circles of confusion. A small apepture opening reduces the amount of 
light reaching the film and that too narrows the ligijt rays passing through the 
lens. The narrow rays create smaller circles of confusion. 

(3) The type of finished print desired should be considered when 
dealing v,\th circles oi confusion. If ihe negative isAo be contact printed, small 
circles of confusion are not as important as when the negative is to be used to 
make enlarged prints {see Lesson 6, Processing). When making an enlargement 
the circles of confusion in the negative are projected onto the print. They are 
therefore magnified. The larger the print required, the moce magnification the 
circles of confusion receive. If a small circle of confusion is not obtained in the 
negative, this enlargement will blur the finished prir^t.'* ^ 



-0 
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A standard size of circles of confusion has been estafalisl;)jea as 
1 1000 of the focal length of the lens for larger cameras (4x5 negative size) 
and l/'2000 of the f0cal length of the lens for miniature cameras (35mm negativ 
size^T" '''''' 




10. LENS FOCUSING CHARACTERISTICS, In order to obtain an 
acceptable finished product in a photograph, the image must be distinct. In 
discussing the circle of 9onfusion, a standard was set for the size of object 
point reproduction at the focal plane. To reach this standard, lens traits of 
the lens should be considered which will obtain a distinct image, 

a. Most general use cameras will have the lens and fociil plane in 
a fixed position, except for a movemenf forward or rearward of the lens. 
The ability of the lens to critically focus on several objects is somewhat 
limited in this instance. When the lens is focused on a distant object it will 
form a sharp image relatively close to the lens; whereas, when this same lens 
is focused on a near object the lens will form a sharp image farther back from 
the lens. Therefore, the lens will not have both the near and far objects in 
sharp focus at the same plane. The lens must be moved farther away fronl the 
focal plane if the near object is to be in sharp focus, and closer to the focal 
plane to place the distant object in sharp focus, 

(1) Figure 16 illustrates as a sharp image at points A, B, and 
C. Point E is at the film plane and therefore in sharp focus, 

(2) This limitation in the lens may not be critical when other 
factors concerning the objective of the photograph are considered i, e, , object 
distance, lighting, object depth, etc. 
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b. The lens does have the ability to focus on sevcrnl objct^ts at 
the same^tin.us however this may be accomplished bv a degret» oi* K-.-;s of othe* 
desirable picture qualities e.g., image size, critical sharpness, etc. To 
obtain acceptable focus of.several subiocts, application of lcn^ depth of lield 
and hyperfocnl distance must be accomplished. 




Figure 16. Focusing for one object* 

(1) Depth of field is the distance between the nearest point of 
acceptable sharp focus and the farthest point of a ccept able sharp focus (Fi^^ur- 
17). Because most subjects have depth to them it is Important to have area> »f 
acceptable focus rather than a single vertical plane in sharp focus. The ivm . * 
of distances involved in depth of field depends on the focal length pf the lenb, ii 
lens aperture setting and the distance the subject is from the lens. 

(a) The depth of field will be increased as the local lenc'tp 
of the lens becomes shorter. Therefore, if there w^ere no other controls for^^ 
depth of field than focal length, one could obtain a greater depth of field with p 
shorter focal length lens. , 

(b) Depth of field also increases as the lens upertur^ is <!<- r 
down to a smaller aperture opening. In paragraph 9d(2), it was dibeusscd th,U 
the circle of confusion becomes smaller as the aperture i? closed doAn. ♦ d 
to this fact is the increase in depth of field. Anv time a photographer desircF to 
have several objects in focus at various subject planes, the center of lens shuutfi 
be used. This is because lesser refraction will be needed. However^ when :1 

is done, remember, less light reaches thi* filni and therelore a compensatun 
need to be made by adding more light to the subject or focal plane in order to j^ei 
a correct exposure. 



4-12 1. li-W; 



■17 



ACC£PTA8we 



PPOOoCCS POINT 



fob *^ *^^CE 





Figure 17. Depth of Field. 
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(c) In photograpning an object which is near the lens, 
the depth of field is shortened. In reverse, as the distance between the 
object and lens is increased, so too is the depth of field increased. And, 
once again this may uell be at the expense of other photographic qualities. 
Figure 18 demonstrates thi> procest^ of object-Lens distance. 




OUT Of 



\OT WiTh*N 




focusjng on a Close 

OBJECT 



Figure 18. Effect of Subject Distance on Depth of Field. > 

(d) From the discussion concerning depth of field it should be 
appare^I^hat vVhenev^rthe photographer is using his leiij|^at a large aperture 
openi-ng ari^^rjhe^^ his subject is to the lens, the more critical becomes 
the problem of acceptable focus. Accurate lens focus is essential when a sharp 
image is required in these two situations and it becomes even more important 
when the negative is to be enlarged and/or when. the negative size is smalL 



Vj 
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(e) Generally, when photographing a subject which requires 
a maximum depth of field* it is best to focus on a point one-third of the distance 
into the depth of field, in other wordb one-third the distance betui en ihe nearest 
point wanted in sharp focus and the farthest point wanted in shaip locus. Figure 
19 illustrates how the circles of confusion are affected \vhen foeu^etl at nne-third 
the distance into the depth of field range. The "Best" line is thi plane on which 
the circle of confusion is minimized for each of the three sublects A, B, and C. 

(2) Hyperfocal distance is the nearest point in usable focus, when 
a lens is focused on an object at infinity. ^"^^ 

(a) When a lens is focused at its hyperfoca] point, the depth 
of field extends from one-half of the lens hyperfocal distance to infmit\ . This 
setting provides niaximum depth of field for any f/number of that kn:>. 

(b) The hyperfocal distance is dependent upon tocal length 

of the lens, the lens stop, and the allowable circle of confusion. This dependence 
is similar to that of d^h of field only reversed. For example, the longer focal 
length the greater the hyperfocal distance, the smaller the lens nperture, the 
shorter the hyperfocal distance, etc. Figure 20 is an example of ihe relationshij 
between hyperfocal distance and depth of field. 

HYPERFOCAL DISTANCE INFINITY 




NEAREST Pomi IN FOCUS UENS FOCUSFO 

A HERE 



THIS AREA IS -OCUS 



HYPERFOCAL DISTANCE 



1 



1 



INFINITY 



F0CU5V HERE 
DEPTH OF FIELD 



N£APE?T POIN^ 



Figure 20. Jlypcrrocal Distance. 




Figure 21. Lens aperture and its relationship to hyperfocal 
distance and depth of field. 

(3) Determining Depth of Field and Hyperfocal Distatnce . There 
are two different methods usually available to the photographer fox locating depth 
of field or^yperfqcal distances: Either by depth of field indicators or mathe- 
matically. 
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(a) Some cameras have depth of iield indicators (scale) which 
show the approximate depth of field at various distances when using different lens 
f^stops. A depth of field scale is therefore especially useful when the range of 
acceptable sharpness n^eds to be known. Figure 22 illustrates such a scale. 



<i ft. 25 ft* 




Figure 22. A type of depth of field indicator. 

Using this scale focused at six feet with an aperture of f /4. 5, -the depth of field 
would be five and three quartg_rs feet to six and one quarter feet. If it were 
required to have everything from five feet to ten feet in focus at the six foot 
setting, the aperture would be set at f/22. As the subject of focus is moved away 
from the lens to twenty-five feet, the depth of field at f/22 has increased dnd 
includes subjects from twelve feet to infinity'. To find the hyperfocal distance 
fur this lens using the same scale, one would adjust the focusing mechanism so 
that the aperture intended for use would be opposite the scalers infinity mark 
and the lens would then be focused at its hyperfocal distance. 

(b) The depth of field indication is the most commonly used 
method of determining depth of field and hyperfocal distance. However, in rare 
situations there may be a need to calculate both the depth of field and^hyperfocal 
distance. The following formulas would then be used: 



F2 

Hyperfocal Distance = 

Where the hyperfocal distance is in inches 

F = focal length of lens in inches 

C = circle of confusion in fraction of an inch ^ . ^ 

f - lens aperture setting ^ * , 

Depth of Field 

near point 

hyperfocal distance x distance focused on = HD 
hyperfocal distance + distance focused on H+D 

o 'I 

far point 

hyperfocal distance x distance focused on - HD 
hyperfocal distance - distance focused on H^D . 

depth of field = far point - near point 



\ 
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EXERaSES 

REQUIREMENT. The following exercises are multiple choice. There are 
four alternatives to each exercise* You are to select the one alternative tH^T 
is correct and indicate your choice bvcircling the correct response 
directly on the exercise booklet. 



1. Positive lenses form distinguishable images by refracting light rays 
so that they 

a. divide- 

rs 

b. spread. 

c. crest. 

d. converge. 



2. Errors or distortion in a compound lens are called 



^a. scratches . 
b^ aberrations-^ 



c. fogging, . . 

d. ' bands. 

3. WTuch of the following is NOT a general type of lens aberration? 
a. Coma. 

.V b. 4/^:urvature of field. 

. ■» 

c. Astigmatism. ^ 

» 

d. Conical aberration. 
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Lens coatings 

a. reduce light loss* ' 

b. 'increase flare. 

c. keep out moisture, 

d. increase reflection. 

The focal length of the lens will NOT control which on6 of the following: 

a. Image brightness. 

b. 'Image focus. 

c. Speed of the lens, 

d. Image size. 

The spot at which a lens projected image is clear and sharp is called the 

a. fa6al center. 

b. focal axis, 

c. focal point. 

d. focal length. 

J 
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7. The longer a lens^ focariength is, the 

a. clearer the image. '^-^.^ 

b. larger the image. 

c. smaller the image. . ^ 

d. dimmer the image. 

8. The speed of a lens is the ratio of the diamet^of the lens to its 

a. focal length. 

b. focal plane^ 

c. aperture. 

d. image size. 



9. Each lens has a known '*lens speed" which refers to 

a. maximum aperture of the lens. 

b. minimum aperture of the lens. 

c. comparative focal length of the lens. 

d. relative effective aperture of the lens. 
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10. A practical application of the use of a fast lens would be at a 

a. racetrack. 

b. football game. ^ 

c. nightclub. 

d. dragstrip. 

11 The amount of light passmg through a lens is controlled by the 
aperture, or diaphragm. As succeedingly smaller apertures are used, t^e 
amount of light passing through the lens is 

a. doubled. 

b. reduced one-fourth, 

c. increased one-fourth. 

d. reduced one-half.^ 

12. A blurred focus is caused by enlarged circles of confusion which 

a. refract the light. 

b. overlap one another. 

c. change the focal length. 

d. cause astigmatism. 
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13. When focusing on an object closer than infinity, a certain area, 
which extends from a point in front of the object to a point beyond the object, 
will be in sharp focus. This area is described as ^ 



a. 



hyperfocal distance. 



b. 



focusing zone- 



c. 



reciprocity effect. 



d. 



depth of field- 



14- Depth of field will be increased as the focal length of the lens becomes 
a- longer- 
b- wider, 
c- faster. 

d. shorter. ♦ 

15. Hyperfocal distance is the nearest point in usable focus, when a lens 
is focused on ) 



the circle of confusion. 




a. 



b- 



an object at infinity- 



c. 



the axis of the focal plane- 



d- 



a nearby object. 



V 
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LESSON ASSIGNMENT SHEET 



SUBCOURSE NO. 4-12 I 
LESS0|^3 

CREDIT HOURS 
TEXT ASSIGNMENT 
MATERIALS REQUIRED 
LESSON OBJECTIVE 



Investigative Photography. 



Cameras. 



.1. 



Attached Memorandum. 



None. 



To provide you witli general 
knowledge of the various types 
of cameras and their mechanics. 



SUGGESTION'S 



None. 



ATTACHED MEMORANDUM 



This attached memorandum includes information extracted from resident 
instructional material of the United States Army Military Police Scfiool, and 
TM 11-401-1. In case of conflict between the attached memorandum and other 
publications, the material contained in the attached memorandum will apply to 
this lesson assignment. 

■1. INTRODUCTION. In making reference to "the camera" several photo- 
graphic features are included. Two of these features have been discussed; the 
lens and tl*iris diaphragm. The camera body itself provides two general 
functions - one, of providing i light tight box, and, second, of providing a structure 
on which various other features are positioned. In this lesson the types of cameras, 
shutters, and focusing mechanisms will be discussed. 



2. TERMS. The definitions given in this section are not necessarily the 
most important terms in the lesson. Additional terms and definitions \vill be 
found throughout the lesson, and those given below may be listed only in the 
interest of clarification. 



a. 



0 

Bellows. The part -of some cameras which is capable of being 



expanded. 



b. Curtain Aperture , 
to reach the film. 



The sHt in a focal plane shutter permitting light 
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c. M ac rophotography . The photography of objects which are too 
small for the conventional camera and too large for the field of a microscope. 
Very short focal -length lenses and long bellows extension are generally used 
in this type of photography. 

3. CAMERAS IN GENERAL. There are a great variety of cameras in 
existence. Generally, this is because of the various uses to which cameras 
can be put,, and the variety and quality of individual camera features. 

a. Box Cameras . A simple and inexpensive caTiera is' the box 
camera. The box camera (Figure 1) consis^ts of a housing with a lens at one 
end and a film^winding mechanism at the other end (focal plane). The lens 
position and aperture setting are arranged so that ail objects from about 
eight feet to infinity are in reasonable focus. It has a fixed aperture of f/ll 
or f/16, a simple view finder (para 5), and a spring shutter mechanism (para 
7) that provides usually one shutter speed of either 1/25 or 1/50 of a second. 
It is an excellent tool for beginners. Some police departments issue patrolmen 
this type of camera for general use on items they may feel are significant 
during the course of their daily activities. 




Figure 1. Box Camera 



6V 
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b. Folding Camera^ (Figure 2) have a bellows and are so con- 
structed that the lens snaps into a fixed position when the camera is opened. 
Focusing, shutter speed, and aperture are adjustable. 




Figure 2. Folding Camera. 
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c. Press and Hand Cameras are used in commercial and news 
photogrjiphy. They are sturdy and practical and they are useful in a wide 
range of photographic work. As a rule, the bellows of these cameras can 
extend from two to three times their normal length. With this feature the 
photographer can increase the distance between the lens and the film to 
record very small objects. This type of camera is ideally suited for repro- 
duction and small object photography. Other desirable features include a 
between-the-lens-shutter,a focal plane shutter, or both (para 7). Their high 
quality lenses provide aperture settings from f2.8 to f4.5. They can utilize 
a variety of film sizes from 2-»l/4 by 3-1/4 inches to 4 by 5 inches. The lens 
can be moved up, down, and sideways. The press -type camera shown in 
Figure 3 is equipped with a coupled range finder (para 5) and synchronized 
flash attachments and it has handled the bulk of US Army still photography 
since World War I. This type of camera is issued to most CID units. 
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d. The view camera and studio cameras (Figure 4) are.,essentially 
larger versions of press and hand cameras. They have removable lensfes, can 
be focused by moving either the front or rear of the camera, and are equipped 
with long bellows. The back of these cameras can be moved or swung both 
horizontally or vertically. Studio cameras are used primarily for portraiture, 
copy work, small object photography, and other indoor photography. The view 
camera is used for architectural, group, and general outdoor photography. 




Figure 4. View Camera. 
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Miniature cameras are precision instruments designed for 
small size films. The best known is the 35mm Rangefinder camera. The 
quality miniature camera has an optical and mechanical standard which 
exceeds that of larger cameras* Minute inaccuracies, not notiqeable with 
larger negatives, could make the miniature negative worthless. Many of 
these cameras are designed to accept a variety of lenses* Most also have 
a focal plane shutter with shutter speeds up to 1/1,000 of a second. The 
camera is so desired as to provide a lightweight instrument for difficult 
photo coverage. 
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f. The reflex camera is characterized by its particular type of 
focus. The subject image is transmitted through a lens onto a mirror which 
reflects the image up to a focusing and composing surface called a ground 
.glass (para 5), There are two types of reflex cameras; the single lens reflex 
and the twin lens reflex. 

(1) The 35mm single lens reflex employs a movable mirror which 
is located in the path of the light rays transmitted by the picture taking or recording 
lens. A fraction of a second before the shutter is released^ the mirror is flipped 
out of the light path. After exposure, the mirror returns to the viewing and 
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focusing position. This type of camera hs helpful to the photographer because 
whatever appears in the viewfinder wrll r^ppear on the negative. This is 
important when different focal length leoaie^ are used and it also aids in^ 
focusing ^and preventing parallax (para 6)- These single lens features are 
available in many 35mm cameras. 

(2) The twin lens refle>{ employs two separate lenses (Figure 
6). One lens is used for focusing and composing and' the second, usually 
mounted under the first, transmits the light to the focal plane for recording. 
Normally this camera will not utilize inteirchangeable lenses. The camera in 
Figure 6 produces a 2-1/4 by 2'-l/4 inch negative, has permanently fixed 
lenses, and an automatic parallax adjustment- 




Figure 6., Ifxample of a Twin tens Reflex Caipera. 

'•^ , * 
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g. Although thexe are a great number of other cameras, most of 
them follow the design features discussed above. All of these cameras have 
a useful place in the various phases of police work. The value of any particular 
camera depends mainly on the intended reasons for taking the picture and the 
skill of the "operator. 

4. CAMERA LENS FOCUS. For cameras, other than fixed focus 
cameras, the camera lens is usually focused by moving the lens nearer to 
or farther away from the film plane (focal plane). A few cameras (i.e. , view 
camera) can adjust either the lens or the Aim plane for foci^sing. So that the 
lens may be focused, it is mounted on a stand that is separated from the 
camera body by a collapsible bellows, or the lens mount is threaded to allow 
it to move. With either method the movement iJermitted is a precision move- 
ment. Lens focusing is facilitated by such ^mera features as distance scales, 
depth of field indicators and tables, rangefrnders, and groimd glass focusing. 

a. A simple distance scale i:^^ormally provided with most focusabie 
cameras. The scate is located either on the camera body or on the lens mount. 

(1) The Vernier scale (Figure 7) illu^ttrates a typical camera 
body distance scale- One part of the scale is attached to the camera body, and 
the other position is on a sliding track. To focus for a given distance, the 
focusing knob is turned until the subject distance lines *-up with the body scale. 
The closest distance in focus in the figu^^ is, eight feet. 



A slightly different scale is th6 seniivernier focusing scale (Figure 8). It is 
operated in the same manner'as theTveVnier scale with the .exception of the 
arrow lining up with the desired focused distance. 




Figure 8. Semivernier distance scale. 



; (2) WTien the distance scale Is engraved directly on the lens 
mount, as is the case .pf most.35mm cameras, the scale consists of a distance 
scale and adjoining deptfi of fieldscale. Figure S shows the two related scales 
of a four inch lens^on a 70mm earner^. The scales permit the photographer to 
deteiTtiine the- depth of ileJdof the lens for any giveii aper^are at any giVen 
focusing distance. By refejring to this scale and the lens aperture, one can 
establish the depth pf lieW on the adjacent'distance ^cale. For example, when 
matching aperture setting f/i6 with 'the distance scal^^ infinity mark (see 
Figure 9>, then moving dowil tht^ distajice scale to the distance indicator aqross 
from'f/re setting, th^' depth'of field is found to be from about sixteen feet to 
.Infihlt}'. ^ All objects within this range will be in foetus.. . ^ 
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• (3) When a lens is focu3ed on an object at infinity^ the nearest 
object in sharp focus is said to be at the hyperfocal distance <Lesson 2), By 
^focusing the lens at the hyperfocal distance, everything from 1/2 the hyperfocal 
distance to infinity will be in sharp focus. 



OlSJAf^t F/sro?- OtPJH OF FIELD 




Figure 9. Distance Scale^ 
35mm Camera. 



b. Depth of field and depth of field scales have been discussed in 
Lesson 2. However, not all cameras have these scales. Depth of field is an 
important concept which is easily applied. It is therefore helpful to tfie photo- 
grapher to. work out a depth of field table to indicate the maximum depth of field 
for a given distance semng. This table can then be attached to liie back of the 
camera for immediate reference. 

c. The modern rangefinder serves the primary purpose of det^- 
mining the distance from the lens to the subject* 'A coupled rangefinder will 
also focus the lens at the same timer, A rangefinder aids the photographer m 
obtaming a more precise focus. Basically', a rangefinder measures the angle 
o|-4?onvergence between two beams of light from the same point. These twa beams 
•are then transmitted b\ the distance separation lenses in the rangefinder. A 

movable mirror, or pr is n^^ changes the <iirection of one beam of light and brings 
it into alignment \vith the other light beam^.. The movable mirror in the range- ^ 
finder is mechanically coupled to the lens so that the lens is focused when the 
two beams are brought, together. within the eyepiece. In some cameras, \vith 
interchangeable lenses, the same rangefinder may be automatically coupled to 
an> lens and need not be adjusted. Operating the rangefinder is fairly simple. 



(\) Look through the eyepiece, and move the camera until 
the desirvd subject is centered, ^ 

(2) A smaller and brighter section is located at the approxi- 
mate centpr of the eyepiece. The smaller area contains the image reflected 
b\ the movable mirror as urell as the image that is passed directly through 
the upper stationarv mirror. 

. (3) By turning the focusing mechanism, the reflected image 
IS shifted until the two images appear to be one. The subject is then in focus. 
A double image mdicates out-of-focus and a single image indicates correct 
focus. ^ 

(4) Figure 11 demonstrates a rangefinder with the two images 
which would be superimposed on one another. Another type is the split Ims^e 
rangefinder. Figure 11 shows an image as seen in the eyepiece. Again, when 
the image is one, the coupled lens is in focus. 



R£AR EYEPIECE' 
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Figure 11. A Type of Rangefinder. 
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Figure 12. Split Image Rangefinder; Eyepiece View. 



Ground glass focusing is the most precise type of camera 
focusing system. Ground glass is a piece of glass located at the focal plane^i 
of the camera. The image is transmitted through the lens and formed on the 
glass, with the movement of the lens cr focal plane bringing the image into 
sharp focus • 

(1) When a ground glass is used on the larger cameras, it is preferable 
to place the camera on a tripod. The lens is then set at its maximum aperture * 

for focusing. The lens is focused, and, if desired, the aperture which will be 
utilized for the exposure can be set and the depth of field det^mined. 

(2) With the larger cameras, this operation is impractical when 
speed is required to get the picture* Usually on these cameras other focusing 
features are provided. HtSwever, these cameras are excellent for close-up, 
reproduction, and macrophotography, 

(3) The most common type of cameras using some form of 
ground glass are the 35mm single lens reflex cameras, 

5. VIEWING THE SUBJECT. The primary function of the camera view- 
fmder is to give a visual image of what the film vdll record. It permits the 
photographer to view the subject for composition and shows what will be recorded 
on the finished print. 



a. I'hc more advanced type of viewfinder, or rangefiader, is a 
combination of thebe two camera features (range Aiew). This arrangement 
allows the photographer to vi^w and focus the picture through one device, 
ivhen thebo two functions are separate, the photographer must shift from 
rangefinder to.view^inder in order to take the picture. 

b. The camera with ground glass focusing is also the most 
dependable viewfinder. WTiat the photographer sees on the ground glass is the 
identical image that will be recorded on the film. This insures that the picture 
will contain all required subjects. Examples of cameras using this system 
are the view camera (Figure 4) and the reflex camera (Figure 6). 

c. A tubular viewfinder is a small optical viewing instrument 
usually mounted on or in the camera body near the rangefinder. It provides 
.1 means for determining the picture area the film will record. The camera 
pictured in Figure 3/has a tubular viewfinder (also see Figure 13). Miniature 
cameras employ a similar design and they are usually enclosed within the camera 
body. The viewfinder is positioned close to the same axis as the taking lens 

ariH* thus has less of a parallax problem (para 6). 




Figure 13. Tubular Viev/finder. 



d. A wire frame viewfinder, sometimes called a sports viewfinder, 
IS usualh found on a press t>pe camera (Figure 3). It consists of a rear peep- 
smht and a front wire frame. When the peepsight is brought close to the eye, 
the photographer has a full-sized view of the subject bordered b\ the wire frame.. 



4-12 I; 3-15 



Figure 14. Sports Viewfinder. 



6. PARALLAX. In simple terms, parallax is the difference in the 
angle of view between what the camera lens transmits to the film and what the 
photographer sees through the viewfinder. If a viewfinder is directly above 
the lens only, vertical parallax correction is necessary. If the viewfinder is 
not in either the same horizontal or vertical. plane as the camera lens, correc- 
tion in both directions may be necessary. The closer the subject is to the lens 
the more critical the problem of parallax becomes. Some cameras automatically 
correct for parallax. Others have devices which must be manually operated. 
The photographer must be -thoroughly familiar with his camera equipment because 
\\hen this equipment requires a parallax correction, and it is not corrected, he^ 
uill possibly lose a vital portion of the subject. 



Figure 15. Parallax. 
Although the viewfinder indicates the whole head will be included In the picture, 
the lens v/ill not record thi^ view because of parallax. 




.yrei^ through lens 
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7* CAMERA SHUTTERS. The camera shutter is an adjustable 
mechanism that regulates the amount of light reaching th6 film'by varying 
the length of time light is allowed to pass through the lens. 

a. Shutter speed refers to the time that the shutter is opened, 
allowing light to reach the film. Shutter speed is related to lens. aperture 
stilting (discubsed in Lesson 2), and cO film speed, which will be discussed 
in detail m Lesson 5. 

b. There are two different types of camera shutters - between- 
the-lens and focal plane shutters. 

(1) The between-the-lens shutter is located between the lens 
elements, and it consists of thin blades activated by springs. When the shutter 
dial I? set for a given speed, the springs are activated; when released the 
blades open to the desired aperture and then close. Figure 16 shows a lens 
\vhich contains this type of shutter. These shutters help to j>eep the image free 
of distortion, when photographing fast moving objects. The advantage of the 
bet\veen-the-lens shutter is that its placement in the lens helps to eliminate 
distortion. Albo, the shutter speed can be easily synchronized for flash 
pictures. However, as a consequence of the shutter placement, the versatility 
ot the camera is limited, in respect to lens interchangeability, and very fast 
shutter speeds are lost. Normally', .the fastest shutter speed is 1/500 of a second. 
Although interchangeability and faster lens speeds are available, these qualities 
are quite expensive. 

A. TOP VIEW B. FRONT VIEW 



LfNS STOP SCALE ' SHUTTER LEAVES 




^ (2) Focal plane shutters, also knowa as curtain shutters, 

consist of a lightproof curtain with different sized rectangular slits, or 
adjustable metal slits. The sue of the slit determines the shutter speed 
of the exposure. The focal plane shutter ex|X)S8s the film a portion at a 
time as the slit passes over the unexposed film. Figure 17 shows the curtain 
mth its various sized slits and an adjustable curtain. 




Figure 17. ^ocal, Plane Shutter Curtains. 

The advantages of the focal plane shutters are that they allow for lens inter- 
changeability-and usually have shutter speeds up to 1/1,000 of a second. 
Compared to the between-the-lens shutter, the focal plane shutter contributes 
to positional distortions. These distortions are most apparent wWn ^ larger 
negative is used. As the film is exposed in sections, a fast moving subject 
may be stretched out making it appear longer tjtian it actually is. The distortion 
created by the focal plane shutter can be minimized by using a smaller negative 
size <35mm v. 4 x 5), and using the smallest lens aperture possible. 
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EXERCISES 

REQUIREMENT- The following exercises arc multiple choice. There are 
four alternatives to each exercise. You are to select the one alternative that 
is correct and indicate your choice by circling the correct response 
directly on the exercise booklet. 
"* ♦ ' 

L A simple box type camera normally has a fixed aperture of 

a. f 2.8 or F4. , . 

b. f5,6 or FS: 

c. f 11 or F16. ' 

d. f 22 or F32. 



2, A Vernier scale measures 

a. camera/subject distance. 
h. film weight, 

c. shutter speed. 

d. aperture width. 

3. In a rangefinder camera, when two separate beams Qf light are" 
brought together within the eyepiece to form one image, 

a^ the lens is out of focus. 

b. the image is re'fra'cted. 

r 

c. the image is diffuse. ' - ' 

d. * the lens is in focus. 
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\ 4. 'Theii^iost precise type. of camera focusfrig apparatus is 

a. an iris diaphragm. 

b. a split focal plane, 

c. ground glass, 

the Vernier scale. * 



5. The most common type of camera, using some form of ground 
glass, is 

a. Press camera. 
^ b. 35mm rangefinder camera, ' , * ' 

c. Single lens reflex camera, 

d, , Twin lens reflex camera. 



6, The primary function of a viewfinder is Jto gave- 

a. a distance reading. 

b. a visual image, 

c. ^ ,a color scheme. ^ ' 
^ V,a depth of, field reading, ^ * 
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7. The difference between what the camera lens transmits to t^lxe film 
:ind what the photographer sees through the viewfinder is known as ^ 

:i. flar,e. 

' b. ' parallax. 

, c. astigmatism. 

d. correction. 

8. The time that a shutter is opened, allowing light to reach the film 
is kno>v'n as 

a. parallax. 

b. lens speed. 

c. ''^" diaphragm speed. ^ • 

d. shutter speed. 

9. Between-the-lens shutters help to eliminate 

a. Newton's Rings. 

b. distortion. 
I c. flare. 

I 

d. refraction. 



10. An advantage of focal plane shutters is 

a. freedom from positional distortion. 

b. shutter spe.eds down to 1A2 of a second. 

c. the ability to catch infrared rays. 

d. shutter speeds up to 1/1,000 of a second. 
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CREDIT HOURS ■ 
TEXT ASSIGNMEfJT 
.^iUTERUL-S REQUIRED 
•:. -.LESSON OBJECTrV'E 

SUGGESTIOX3 



IflVBStigativeJ^tography* 
Films. ^ 
Z. * 

Attached Memorandtlm. 
None. 

To familiarize you ^^itfa the different 
typ^s of film and with their individual 
characteristics. 



None. 

ATTACHED MEMORANDUM 



This aoached memorandum includes information extracted from resident 
instructional material of the United .States Army Military PoUce ^hool and TM 
11-401-1. In case of conflict between the attached memorandum and other 
publications, the nj^terial contained in the attached memorandum will apply, to 
this lesson assignment* ' ^^-^ 

1. INTRODUCTION.' In the first lesson it ^vas sfeted thaS^ light is the 
basis of photography. In our discussion thus far, the control of light has involved 
the lens, the aperture setting of the Icts, and the camera' shutter. The film used 
is also a means^of contr,ol that can be exercised over light, .The film/s sensitivity 
to light IS the basis for how much light wli be required to produce an acceptable 
negative. Therefore, by varving the film's sensitivity, the amount of light re-t 
quired is either increased or decreased. When the film's sensitivity is changed, 
other film characteristics are ,also changed. 

f 

2. TERMS. The definitions ^ven in^!his section are not necglsarily the 
most important terms in the lesson. Additional terms and definitions ^vill be - 
found throughout the lesson, and those given, below may be listed only in the 
interest of clarification. ' - ' . ^* / 

- a. Color - A sensation produced in the eye by a particular wavelei^th 
of visible light. 
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b. Acetate^ase - A nonflammable film hase ipara 3). 

fn'er 



c. Silver Kalides - A metallic silver comoound that dari^ohs on 




exposure to light. V 

d. AntihaJation .Backing - An opaque coating on the back of film to 
prevent light reflection from the back of the film base (para\3a(4)), 

' e. Emulsion - A light-sensitive layer of silversalts, suspended 
in gelatin, which is spread on a permanent support sych as acetate (para 3). 

f. Color Sensitivity - The response of a photographic emulsion 
to light. ^ 

g. Density - The degree of blackening of the silver' in an emulsion. 

i ^ ' < 

h. Latent Image - The iyisible image formed in an emulsion by 
Mre to light. 



Exposure - The time that. a given amount of light requires to create 



an image of the desired density on a R^CTd ulsion. ■ • - 

j. Contact Print - A photographic print made by placing a sensitized 
..emulsion in direct contact with a^negative and passing light through the negative. 

3. BLACK AND WHITE FILM CHARACTERISTICS. Once into the subject 
of films, one is naturalh carried into the realnjk^f chemistry. For, from its 
beginning to its end r-esult, films involve a cherrTTcal process.^ 

a- .The chemistry of film emulsions makes possible the permanent 
recording of an event. A chemical process is utilized whereby silver halides 
are physically changed by e.xposure to- light. Generally, the film consists, of 
several layers; the base support, the emulsion itself, a protective coating and 
non-curl antihalatLon backing fPigure 1). j 

^ The film base is commonly maJe of cellulose acetate which - 

supports' the light sensiti\e film ^emulsion a^d is coated with a non-curl anti- 
halation backing. ^ - 

(2) The Pulsion layer is composed of a gelatin* which contains ^ 
minute suspended crystals, which are generally grains of light-sensitive silver 
haiidcs- The type of processing these grains have received, i.e.^^ their jtypc, 
'size, etc. , determines the lilm\« photographic eharueteristi(?S^ 



(3) The protective coating is an overcoating of hard gelatin 
which helps prevent scratching. and abrasions. 



(4) The backing of the film base has two functions: first, a 
non-Kniri function - simply to control film curling - and, second, the 
antihalation function, which 'reduces, or prevents, light from reflecting > 
haphazardly into the emulsion layer. • 




L 



AND 



Fi^re 1, A cross section of a t>pic3t*film structure 
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b. Unexposed film is the raw material of the photographic process, 
B> properly applying its principal characteristics, the finished product will 
prove to be a vaiuabie aid to the mvestigator. The principal characteristics 
of the Sim Pulsion are its sensiti\it\- to colors, contrast, latitude, grain, 
resolving powers and acutance (see para 3b^5)), and speed. 

fli Color Sensitivity. All photographic emulsions are sensitive 
to the colors of blue, violet, and ultraviolet. The film's sensitivity to other 
colors is obtained by adding dyes to the emulsion during manufacture. 
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Figure, 2. Spectrograms showing color sensitivity of v;ar:ous films. 



Figure 2 demonstrates, visually, the sensuivu> ui '.anous ir;ai-r film types to l 
color. Spectros^ram A is the approximate color ser.bitivitx oi me human eve- 



1 
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^ - - ^a) Nonchromatic Emulsions , 'fhis filmlype is sensitive 

lu> ultraviolet and olue-violct colors only (Figure 2, Spectrogram B). This film 
\may used when natural color rendition is not important. For example, 

fionchromatic film is used to copy black and white origmaJs and to photograph 

(Llorless subjects when e.xtreme contrast is needed. 

.J- (b) Orthochyomatic Emulsions . This film type is 

-en.'ritive to^blue^ and'greens, but not to reds. Reds*are recorded on film as 
dark tones, while greens and blues record as light tones when printed. 
^ Orthochromatic film sensitivity is indicated in Figure 2 in Spectrograph C. 

(c) Panchromatic Emulsions. . This film is sensitive to 
all colors. These emulsions are subdivided according to their degree of 
sensitivitv' to each color. Films having a fairly even balance of all colors 
are designated panchromatic type B (Figure 2, Spectrogram D). Film types 
having a higher sensitivitj' are kx-iown as type C. (Figure 2, Spectrogram E:) 
Because panchromatic films produce the most natural recording of colors, it 

"is the most x^ommonly used in investigative photography. 

(d) Fnfrared Emulsions . These film emulsions are sensitive 
to blues and infrared radiation, which is beyond the human eye's sensitivity, 
iFigure 2, Spectrogram F.) Because of the infrared's longer wavelength, it is ' 
useful in penetrating haze. In investigative photography, it is useful in the 

- Iaborator\ analysis of questionable documents, in the discovery of old or faded 
tattoos or areas where small objects are hidden under skin, and in the con- 
struction of camera traps. 

(2)^. Contrast . Contrast is the difference between the blight and- 
dark areas m ^ photograph. It \u!l depend on the difference in the density of 
metallic siWer in the film emulsion. Bright areas on the subject reflect a 
greater amount of light, which causes the negative to become dense. These dense 
areas are called highlights. Darker areas reflect little light and affect fewer 
silver hartides and ar&^erefore less dense and le.ave only a slight tonal mark 
on the negative ..--Tms area is called. shadow area. Various brightnes,ses between 
'J^^l^ht and dark areas also register on the negative as corresponding densities, 
called intermediate ttones. Normal contrast is represented by a full range of 
densities including highlights, intermediate tones, and shadows. High contrast 
IS the recording of highlights and^shadow areas only, with little or no intermediate 
. graduation. There is a wide, or sha-pp,^difference between the two areas. Low 
contrast sh*vs very little difference between highlights and shadow areas and is 
sometimes termed ''muddy". Emulsions are manufactured with varying degrees 
of inherent contrast. Process (high contrast) film records a short range of 
tones, such as black and white, and is used to copy line drawings. Normal 
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contrast film is nsetf^fe recoTC a wider range of tones, as foimd in a portrait 
or landscape. In other v/ords, the sel^ion of film is governed by the contrast 
of the subject and the photographic rendition desired. 

^ (3) Latitude . The ability of an emulsion to record a varying 
range of brightness values is cali-ed latitude. An emijJston capable of producing 
a long range of brightness values has ^Alde latitude, ano, conversely, an 
emulsion producing only ^b:^t rc^e of 'cr;gtt??s3 "xv:v-iS '?.z\s -.ctla latitude. 
The latitude of the average panchromacic fiLn of :.'>r J cocri'u: \z about 1 co 
IC... This means that a highiighc 130 :imes as tri\:Lt as i s^cluoa' caa be 
recorced without impairing-'Sny intermediate graaaaocs (tones i. The brighcnecs 
range oi an average scene, aowever, is about! vu 3C. rcnsequentiy, variations 
of ercposure above and below normai will still produce Lormai negatives. The 
extent to which exposure can deviate from the normal, and still produce an 
accictabic Image, is called exposure latitude. 

(4) Grain . Ordinarily, m.iqroscopic silver grains that make up 
the negative image are not visible in the negative or coiltact print. However, 
a granular or speckled effect usually appears when a negative ^§ viewed under ' 
z microscope or when a big enlargement is made. 7>ith further magniCicatlon/ 
jrainmess increases. Grain in an emulsion depends on the size of the silver 
haiide crystals before development and on the clamping of the silver grnir.^ 
during development. (See Lesson 6. ; 




^5) Resolving Power and Acutance . Photographers cons! 
resolving power and acutance. Since both of these characteristics are not inherent 
m ail films, the photographer must study his results to find the t>'pe of emulsion 
that meets his particular requirements. 

(a; Resolving power is the capaoiiity of an emulsion to repro- 
auce fine subject details. 

(b) Acutance is the degree to which an emulAion can record 
a sharp division between image area details of differin;^ ccntragtl < It is of greater 
importance as it is responsible for the visual impressions of inl^e sharpness. 

(6) Film Speed - Sensiti\itv to Light Intensity. Fjim speed 
expresses the amount of lignt required to produce a satisfactory negative with 
a given emulsion. Film speed is only one of six different film characteristics, 
however, it is important' that this characteristic bis fully understood. The film 
>c^ed has a direct relationship to exposure. Film is rated with an American 
.^'tandnrus .-5oCCia::cn (AS^.y guide number. This guics nu/ni^er (ASA number) 
• T used *o ncicate the amount of light needed to record an ima^e. The higher the 
.T.^A,numcer is, ligr.i reqmr?a :o ma:<e an .icceccacitj ae^ative, L e. , 
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ASA 400 would require much less light than ASA 25, all other factors being 
the same. This number is referred to as the speed of the film. Film speed 
IS divided into three groups - slow, iriedium, and high speeds. 

(a) Films rated up to 160 are called slow speed films. 
A slow speed film contains smaller grains of silver halides and the> are 
less sensitive to light. They therefore require more exposure (see Lesson 
()L Because of their fine*grain, they are best employed when the prime 
concern m the finished product is wide tonal separation, greater latitude 
and greater resolving power and acutance. Larger enlargements are also 
possible without loss of desirable film characteristics. 

(b) A medium speed filhi has an ASA rating of between 
200 and 400. These films require less exposure time than slower speed 
and therefore they lose some of the desirable film characteristics. 

(c) A high speed film has an ASA number higher than 400. 
A high speed film contains large grains of silver halides and requires a very 
short exposure under normal lighting conditions. Due to the larger grain size, 
these films arc far less desirable when enlargements, image detail and quality 
are required in the finished product. This film speed ma> be the orJy answer 
when a photograph must be taken inconspicuously and with very little available 
light, e.g., surveillances at night or in bars. 

4. COLOR FILM. Color photography is related in many areas to black 
and white photography and an investigator who has a good foundation in the basic 
principles of black and white photograph} can work into color without much 
trouble. 

a. In simplified form, color film is made up of several layers. 
Each liyer has a purpose. The top la\er is sensitive to blue light, next is 
a yellow filter, then a layer sensitive to green and finally a layer sensitive to 
red. .All this is then supported by the film base. 

' b. Because of its complexity, color film loses some of the flexibilit\ 
that one finds in black and white photography. Houever, it adds a real life 
dimension, i.e., color. 

(1) In black and white photograph} the problem of exposure is in 
allowing the correct amount of "light to reach the film and form an acceptable 
negative. Color has this problem, plus the problem of the type, or color, of 
the light. Some color films are more sensitive tfian others to a particular 
color. Various forms of artificial light are not pure forms of white light, i. e. 



they give off more rays of a certain color wavelength, e.g. , daylight 
fluor«scejats are bhush* 



(2) The determination of a correct exposure is more critical 
with color film. With black and white film the exposure can be incorrect by 
one or two f/stops and the negative may still be usable. This is not the case 
with color, however, for if it is one f/stop off the correct exposure, there 
will be nothing usable. 

(3) Shadow areas are important in black and white photography 
as they give form, texture, and contrast to the photograph. In color. work 
form, texture, and contrast are determined by colors. In order to see colors, 
light must be present. It is therefore an acceptable practice to provide light 
in the shadow areas. 

c. With color photography the choice of color transparencies or 
color negatives is available to the photographer. Films witli their suffixes 
cont aining ''chrQme*' provide transparencies. Those which contain ''color" 
provide color negatives. 

(1) The reversal-type (chrome) films are first treated as an^ 
other negative, then they are re-exposed to white light and redeveloped. This 
procedure produces a positive image and, when mounted, the finished trans- 
parency (slide). 

(2) The negative type (color) films are processed similar to black 
and white film in that you first process a negative and then print the negative, 

5. DIPJFUSION TRANSFER REVERSAL SYSTExM MATERIAI^. The 
diffusion transfer reversal system, commonly called the Polaroid system, is a 
photographic process that pi;pduces an immediate photographic print. One film 
of this type produces a finished print, another produces both a negative and a print, 
and a-third produces a transparency. This material is used extensively by commer- 
cial interests, and the military has accepted it for use when production speed is 
essential. 

^- The Materials of the Composite Film Process . A Polaroid picture 
is made from a composite film that contains, within itself, all the materials 
necessary for making a positive picture, including the light-sensitive negative, 
the printing paper, and the chemical reagents. 
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(1^ Negative Material . The negative materia! consists ol a 
basa coated with a gelatin emulsion that has suspended layers ci silver 
halide crystals. 

(2) Positive Paper . The positive paper, which is not light 
.senMtive. is the base on whieh the final positive print will appear. 

(3) Reagent Pod . The metal foil pod that lies between the 
ne-ative and the positive material is filled with a viscous, jelly-like compound. 
This compound is the chemical reagent that transforms the latent image into 

a visible photograph. 

b. The Process in Operation . 

(1) The automatic developing process begins when the photo- 
grapher advances the film, after exposure, to the next frame or removes the 
packet from the film holder (applicable for cut film cameras employing special 
tilm backs). As the film is advanced, the exposed negative and the positive 
paper strip are joined between two steel rollers. The foil pod, which is located 
at rhe head of the paper, is forced through the rollers in such a way that the 
jelly-like liquid is spread evenly between negative and positive material, forming 
a . 0003-thick layer. • 

(2) The thin layer of chemical substance develops the exposed 
silver halide grains of the negative. The unexposed silver halide grams are 
converted to solublei=, 'but are not fixed out as in conventional processes. 
Instead, the soluble silver complexes diffuse across the thin layer ol the pro- 
cessing reagent and are transferred to the positive paper. 

(3) Upon transfer, the silver precipitates as metallic siher 
and forms the positive image. Both reactions occur almost simultaneously. 
Thejjositive image is in the process of forming while negative development is 
taking place. 

c. Types of Film . Each commercial (Polaroid) film type is 
assigned a number that relates the, film to a specific camera model and.to 
;i particular pictorial result. 

(U Film in the 30 scries produces eight black-and-white 
2-1 2- by 3-1 4-inch prints. There is no final nefiative. 

(2^ Film in the 40 series produces eight I)l.ick-:md-\\hite 
•5-1 4- by 4-1 4-inch prints. There is no final negative. 
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C3) Film type 46 produces '2-1/4- by 2-1/4-inch transparencies. 
These transparencies are ready for projection a few minutes after exposure. 

i'i) types 52, 53, and 57 (film packets) are used in a 

special 4- by 5-ijich nlm holder and produce a 4- by 5-mch black-and-white 
f>ositive paper print. Types 53 and 57 packets use an aqetate base negative 
that can be reprocessed mto a conventional negative. 

Development Process. Diffusion transfer reversal system films 
require a development period ranging from 10 seconds to 2 minvtes. Instruc- 
tions in each film package must be followed closely to obtain best results. 

(1) Development starts with the pulling of the tab, or removal 
of the packet when using the special film holder (Polaroid Land Film Holder 
.No. 500). The tab should be pulled out straight, swiftly, and firmly. 

(2) The length of time during which the image is subjected to 

the development action of the reagent will have some effect on contrast. Extended 
development will increase contrast and shortened development will reduce contrast 

(3) Temperature will also have an effect on t\)e development action 
of all films. For e.xample, cold weather slows down the d^-veloping capability of 
the reagent. Therefore, the photographer, when operating in extremely cold 
climates^ should carry the camera inside his jacket. Normal body heat will keep 
the pods of reagent from freezing. 

> e. Prtnt Coating . Black-xind-whitc photographs made with diffusion 

transfer reversal films require a print coating (provided with the film) to preserve 
delicate highlight renderings and to retain bmal values. This coating must be 
applied as sooi^s possible after development. Proceed as follows: / ^' 

(1) I'se a flat, clean surface as an opera^g base. . 

(2) Apply the coatmg material in fmn, straight overlapping 
stroke^, makmg sure thai the image is completel\ covered. 



(3) Dry the prints, Ordmarily, prints will dry within miflutes; 
in humid weather, however, the drying process mav n^quire more fhan 5 minute^. 
< 



f. Print Dofectf . The t.iblo in Figure 3 can'be^sed as a 
tvoubic-s^hooting guide when using diffusi.m transfer reversal system 
mnt<,n-ial. It showi^ a number ol oommon faults and their probable eauses. 



Pum defect 



Ptubtble >ouice of trouble 



Total blank; black 

Total blarvk; mHuo 

Print too light 

Print too dark 

Black area at end of print 

Streaks across pnnt • 

D«*v eloper smeai - . 



Partial development 
White spots, repeated r^e^ularlv 
. across film. * ^ 
Flat, rruddy toned "prints 
Fad.ns: highlight 
Str*»akv fading . . 
Edff^s fogged 
Brov:i stains . 



Exj)OsuCe did not u»ach filnu Chcck^ all operations; mako sure that the 

shutter is cockt»<i and the tab is puil»»d. 
Overexposure to light, could' bt- caused b> badl> damaged or othtdated de- 

Velopei pod, , ^ 

0verexf)0sure. 

Undt^rpNposuie.* ^ ^ 

Tab pulled only part ua>. 
Hesitant tab pullmg 

Cause<i by'developer sticking to pnnt jr^tead of negative. Could be ^ue to 
hesitant pnnt removal, or severe ov^ or underdevelopment. To remove 
spots, nib th^m firmly with coating mateiiai. ^ 

Usually caused by damaged "developer pod, or use of old. outdated film. 

Dir.: 01 tliied de\»-loppr leageiit on steel rollers. Kfep rollers clean. 

Undeidevelopment ' 
Due to improper roaung; failur*^ tf^coat; oi bad stoiagp conditions. 
Pruu not fully an*! rvtnlv <'oate<l / n 

Light lf»aked in a: :hf^ t^dgcs-of negative roll. ^ 

iHveU.Ding Toagi-nt i»*ft *in Iface of pnnt. Pnnts should aiwavs be coated 
.mnU'diatelv . 



FiH:ure o. 1 v\nl Delects ^ 

G. SELECTION OF FILM. The prinnnn rea.son for the great number 
and var!et\ of film emubion^ isw jn-oMdu ixm ^photographer uith the material 
best suited for specifie photographic goals. Therefore, the invesligati\e photo- 
grapher must choose the emulsion uhich ha.s the -greatest number ol favorable 
performance factor? in order to accomplish his investigative needs. 

a. Manufacturer's L'lformation . An important intormatiimal guide 
for film selection is the iniormation provided by the manufacturer. Ttiis i.s.also 
true for equipment and acce-^sor'e-- . 

1), Black and ^'hite Film . Black and white film is>generall\ the 
most versatile. It provide- the highe>t film .^\)ecdfe. the ea.siest processing • 
' and is generall\ a'eccpled into court pn.ceedinub without difficult\ . it is also 
less expensive' "in b<nh tilm and processing costs. Obviously il is-best used 



I 

ivht^n" foWr and instant picture nvuilability are n(;i of primarX importance, 
.V.riu- lable m Figure 4 provideb a general guide for the suitability of film 
.materials in black and white. 



Black and white , 

, Copies: 

J.ino— black-whitt^fii- 
Line — c^>)or ■ 
Copies; 

Halftone— black-white , 

Color 



Duplicates: 
By means of intermediate nega- 
tive or positive. 

Lantern slides - ^'- ^ 



Medical photography: 
Surface lesions 



Surgery, (ftc. - 
Action outdoors . 



Indoors or extremely poo^ 
lighting. 

Architecture; 

Exteriors 

Interiors or mgnt 

News: 

Candid . 

Photofta^h 

Portraiture* 

Children 

Men 



Women 



Landscapes: 

Cloudscapes ■ - . 

Marine views— 

Snowscapes 

Stiil life; 

Imall object photography. 
Color separation: 

?S>gative5 



('hi»»f i ^<}uii * rhnnts 



I'anchromatism 
Hiph contrast . 



Hi^h contrast, color sensitivity 

M^MrtrrrKconti ast . 



Medttum coWrast 

Co!oKf4m8itivit\ 



Medium contrast negligible 

graininess. * 
E\tremely fine-grain, good contrast 



Panchromatic materials 

Speod in artificial light 

Spt*ed for fuU exposure 'at high 

^ shutter speeds. 

Speed in artificial light 



Textuie rendition 
Latitudo, speed 



Hi^h Speed 



Low contrast, higi) speod. 

Ortho materials strengthen 

character. 
P^n materials, smooth skin textuie 

and contours. 

P:inchromatism. use of filteis j 

Same 

Same 



nnriltive m.iteiial}> 



Te\tui:e, modeling 



Balanced tendering by n^, green, 
and blue lights- 



Commercial panchromatic 

Prfss orthochromatic 
Process panchromatic 

Commercial panchromatic Commer- 
cial ortho. 
Commercial ortho 
Commercial panchromatic 

Cr.mniei cial'*^anchr^^matic 
Fine-grain panchromatic 
Lantern slide plates.* normal and 
contrast. ^ 

Tine'-giain panchromatic 
Commercial panchroniatic 
Fast panchromatic 
Fast panchromatic 

Fast panchromatic 



•Fine-grain panchromatic 
Fast panchromatic 

Fast patjchromatie 
Fast orthochromatic 

Fine-giain panchromatic 
. Fast o.rthoohromatic 

Fiie-giain panchromatic 

All panchromatic materials 

Same 

Same 

Fine-prain panchromatic 
Fast panchromatic 



Figure 4, Negative Material for Special Us(i. ' 
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• ' , e. color Photography . Color photography, in law-enforcement, 
■■h;\^ become more important in recent years. WTien color photography was 
first used in IcRal proceedings it was held as inflammatory and generally 
not a-dmitted irito the^^e proceedings. Today this situation is changing and 
color, with its added aspects of reality, is fast becoming accepted. ■ 

(1) If picture projection is important, color slidfes should be ' 
usod...However, the color .negative process is usually the best method to use 
in investigative work. The color negative can be processed as either color 
prints or black and white prints "without much difficulty. ' And in some cases, 
It may be best to make both co|ol-,and black and white prints when they' are , 
to be used in any legal proceedings. Then, if color is ruled inflammatory, . 
the black and white prints can be used in their place. 

(2) ' Color is not relevant to all investigations, but when 
it sull assist in development of 'the elements of proof it should be used. 
For example, in a murder cas^ a great deal of blodd was pooled on an 
automobile garage floor, ^nd b^loody footprints were found nearby. When 
the bloody pool and footprints were photographed in black and white, the 
blood pool looked, like any other grease or oil spot on ..the garage floor, and, 
because of the porous texture of the cement floor, the footprint -did not appear 

. very clear. When these items were photographed in color, thefe was no 
doubt as to what they were. . • \ 

(a) Color is recommended for personal identification. 
When it is- reasonably available, color polaroid may be best suited for this ^ 
purpose because it requires a minimum set up time, equipment, and pro- 
cessing. Colo* IS excellent for identification because it produces hair and 
skin color plus bringing olit possible identifv ing marks which would not be- . 
observed in black and white. 



(by When arson is suspected, cofor photography or,, 
movies.' of the burning firp record the various colors ^f smoke and flames. 
The colors can the^ be andl\ zed and a determination of caube made. . 

' ^' (c) In assault and bodily injuty cases where it is difficdlt 

to adequately describe the extent o\ personal injurie s (e. g. ; swelling, di$colorations 
dis'location^, etc.) color can a^curately-yconvey this inloriufition. 



(d) • In an autopsy wh(^n a medical doctor needs ta point out ■ 
impy.rtant findings which have minute shading differences in the colors of body 
tissues,' etc. ■ 



(e) In narcotic addiction, identification where skin tone ' 
is changed due to needle marks. 

\ ^ ' \ 

(3) To some individuals, color may seem the best fo.r all 
investigative work, but it must be remembered that color is more limiting than 
black and white, is a more involved process, and involves greater expelise. 
The processing of color trimsparencies may be actomplished'in most CI de-- 
tachments, and color negative mntenal will be processed by most Signal Corps 
photographic laboratories, when they are.available. 



(4) ^The table in Figure 5 lists SQjne common color films, note 
the film speeds,, and the different type of film for two different light sources. 

Thi^ hst of ccmr^ion coloivfilms is for your general anformat.on i»n!y, comm»*i(ial.nam»^s jm> flnscriptiN p and do not con. 
stiiute ^miorjkfnjent. Before using a film that you are not thorouRhi>" familiai with, carefulh . iea<l all data nackaeed 
with the film. • ' , < I ^ 



Ucht 



^1 'I 



Daylight 



Positive transparency 



Da^iight • 



Negative 



^Agfach^onie Pfofessional 
AgfachroTtie CT !8 • 
. An^cochrome ' ' 
Ektachrome 

Ekyxchrome Aero Type 
EktachrQme Infrai>»d Aero 

EktAchl*om(^ Profess'onal 
-Ektachrome X ' , 
High Speed' "Ektachromo 
Ko<iachrom<> II . 
Kodachrome X • f 
Super Anscochrome 

Agfacoior Negativf* 
Gevacolor Nfj* e 
Ektapolor CPS 
Kodacolor X* 



^65 
65 
32 
5a 

' lb 

50 
64 

25 
64 
100 

40, 

100 
64 



Sheet 

35 mm, loil 

liS mm. roll, sheet 

roll, sheet 

roir^ 

75 ft roll 
9X9 in. 
roll • 
.'^5 mm. i-oll 
JI5 mm, roll 
n}m, YoV 
Vjo mm, roll 
';.*> mm\ roll, sheet 

,'*5 mm, roll, sheet 
:55 mm, roll, sheet 
roll, sheet 
;;5 mm, i^bll * 



Agfa 75 F 
Agfa 68 F> 
AR-1 
E2/E:? 
E2/E:i 
E2/E3 ^ 

E2/E:{ 
E2/Ea 
E2/ E.I 
K-12 . 
K-12 
AR-1- 



Agfa N set 
Gev^icolor 
C-22 
C-22 



Tungsten 



Pn s \Ji ; ve r ansparen cy 



(3.200'K) 
(3.200 
(3.20^ K) 
r3.2'/0' Kk. 
(3.400 Ky 
!?:;.40O K) ^ 
'(i;,400 K\ 
"(ffash) • 



A gf achrome CK20 
Agfachrome Profossional 
Anscochrrtme 

Ektachrrme SKe<*t Typp R^- 
High-,Speed .Ej^tachrome 6 
Suppr Anscorchromo . 
Ektachrome 'Shnet Type 
Kodachrome !1 Typp A 
Kodachrom** Profe'^^fonul Typo A 
Ektachromf* Roll Type F 
kodachrome F i 



65 
^5 
* 25 
10 
125 
100 
.32 
40 
16 
25 
15 



;I5 mm, roll, sheet, 

sh?et 

sheet 

sheet ^ 
35 mm^ 



mm, 
sheet 

35 'mm, 
35 mm 
mm, 
35 mm. 



rollv 



roll, 
roll 



Agfa GS F 

Agfa 75 F 

AR-l 

E-1 

E2/E3 

AR-1 

E2'Ei3 

K^12^ 

K-12. • 

E2. E3 : ■ 

K- 12 ■ ' 



(3.20<> K) 
(flash); 



.Agfacoior N«*gatn< 
(Ji'vacofiXr N 3 
Ektaroior'L 
Kktacol<>r ' S • 
Kodacolor X 



40 
40 

■ 16 



J5 rhm, roll, she^t 

35 mm_, roll, sheet 
hhert 

inn\. roll 



Agfa N set 
(t^viftolor 
C-22 
0^22 

CM. ' / 



d. Diffusion Transfer Reversal System Materials . Selection of 
Polarotd films for investigative work is generally not recommended. It does 
have a place but this is limited. 

{!) With Poiarold equipment, the photographer can tell almost 
instantly whether his equipment is functioning correctly or not. It also provide 
him with photographs which may be needed immediately. 

(2) Polaroid is, however, limited and expensive. The film 
speeds available are low compared to other film materials and the films which 
have the higher ASA do not provide a negative. This is an important fact when 
several copies are requir.ed. The films that provide a negative have a much 
slowed film speed and are the most expensive. Also, processing equipment 
must be available at the crime scene in order to properly produce a good 
Polaroid negative. - ^ 



\^ EXERCISES 

REQUIREMENT. The following exercises are multiple choice. There are 
four alternatives to each exercise. \ou are to select the one alternative that 
is correct and indicate your choice by cir^Uing the* correct response 
directly on-tlie exercise booklet. 

1. In the chemistry of film emulsions, exposure to light physically 
changes 

a. copper bromides. 

b. gold nitrates. 

c. silver halides. 

d. cr>'stal sulfates. 

2. A film's protective coating helps prevent 

a. curling^. * j ' 

b. fading. 

c. halation. ^ * 

d. scratching. 

3. The function of the antihalation backm^y^ to reduce or prevent 

a. reflection by stray light. 

b. the emulsion layers from separating, 

c. the blurring of the image. ^ 

d. none of the abov^. 



4. Although black and white films are sensitive U) colors » Ihe^ colors 
are reproduced as varying shades of gray. The sensitivity of black and white 
film to cerkiin colors is controlled by the 

a. addition of pulverized silver to the emulsion. 

b. staining dyes incorporated into the film base. . 

c. addition of various dyes to th^ emulsion. 

^ d. addition of a fifter layer in certain film emulsions. 

' 5. All photographic emulsions are sensitive to the colors of 

a. blue, green and red. 

b. ' .blue, violet, and ultraviolet. 

c. green, red and infrared. 

d. yellow, orange and green. 

«>. .A film tvpe which is sensitive to ultraviolet and blue-violet oaly 
is called i 

a. orthochromatic. 

b. nonchromatic. 
^ c. panchromatic. 

d. infrared. ^ 
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7. Due to the ability of the manufacturer to control the sensitivity 
of black and white film to' certain co^prs, orthochromatic films are not^ 
affected by exposure to 

a .^^^,ve^\v--giy^l ight . 
- , ^ h. blue light. 

c. red light. 

d. green light. 

8. The film type which produces the most natural recording of 
colors is 

a. panchromatic* 

b. monochromatic* 

c. ultrachromatic. 
d*^)nfrachromatic. 



9. The difference in the density of the metallic silver in a film emul 
is known as 




a. shadow 

b. brightnessJ^ 

c. eontrasl. 

d. highlight. 
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10. I atitudc IS the ability of an emulsion to record a varying; range 
a, reds at^d greens, 
h. 5hadtn\ areas. 

c. panchromntic areas. 

d. brightness values. 

11. Which of tne following .AS.A numbers would require the least amount 
of light, all other conditions being the same, to produce an acceptable negative 

a. 25. 

b. 64. 

c. 125. 

d. ASA nyf^o^s are not correlated to light conditions. 

12. Films rated up to ASA 160 are called 

a. slow speed films. ^ 

b. ' fast speed films. 
\ c. panchromatic. 

d. monochronjatic. ^ 



!; 1-1!) 



lai. 



13. Which of the following is NOT a characteristic of high speed film'/ 

a. ASA number higher than 400* 

b. Contains large grains of silver halides. 

c. Not very desirable for enlargements. 

d. The silver halides are far less sensitiLve to light. 



14. T^e exposure time for color film 

a. may be incorrect by more than two f/stops without spoiling 
the negative. 

b. is iess critical than with black and white film. 

J c. may be off by one f/stop without rendering the negative 
unusabl^ 

d* is more sen^itiv^i^giian with black ajod wMte film. 



15. Composite (Polaroid) film contains 



4 



rystals. 



a. extremely large silver halide cryst 

b. four different emulsions. 

c. particles that are very sensitive to green. 

d. all the materials necessary to mske't positive picture. 



ERIC 
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Polaroid him in tht» 40 «;< ric^ produoc"- 

a. S birifk :m(l white 2-1 ^2 b\ :5- 1 /4 inch prints. 

»2. 8 blat-k (m.d while 1-1/4 by 4-1/4 inch prints. . . 

V. s, -j-l 4 bv 2-1/4 inch t j'tmsparcncics. 

(1. } b\ inch iransparoncies. 

17. The prob:ible source ol streaks across a Polaroid print would be 

a. developer ^licking to print instead of negative. 

b. old, outdated film, 
e. he>iUint tab pulling. 

d. dtrt <^r) the steel rollers. ^ 

i^. Which ot the following is NOT true of black and white films? 

a. Generally the most versatile.. ^ 
' b. Hi^he^t film speeds. 

c. Accepted into court proceedings.. 

d. Mf';;' expensive. 
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19* The film which would probiibly be used for a daylight, positive 
transparency would be 

" a. Kodacolor X. 

b. Ektachrome. 

c. Extocolor CPS. 

d. Kodachrome II, Type*A. 

20. Polaroid film is useful, in some instances, to the investigative 
photographer because of i 



a. high film speeds. 




c. 



compactness. 



low cost. 




d. quick production. 
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LESSON ASSIGNMENT SHEET 



SVBCOURSE NO. 4-12 1 



Investigative Photography. 



LESSON 5 



Principles of Exposure. 



CREDIT HOURS 



4. 



TEXT ASSIGNMENT 



Attached Memorandum. 



MATERIALS REQITRLD 



None. 



LESSON OBJECTR'E 



To provide you with the working 
knowledge of equipment and ex- 



filters, and lighting to obtain a 
^ correctly exposed negative. 



posure factors of films, cameras. 



SUGGESTIONS 



None* 



ATTACHED MEMORANDUM 



*This attached memorandum includes information extracted from resident 
instructional material of the United States Army Military Police School and 
TM 11-401-1 and TM 11-401-2. In case of conflict bet^epn the attached memo- 
randum and other publications, the material contained in the attached memorandum 
will apply to this lesson assignment. 

L INTRODUCTION. Exposure refers to the amount of light that reaches 
the film. In the early days of photography, or today, when using the simple and 
inexpensive box camera, exposure was a simple procedure that sometimes depended 
on ]ust plain old luck. You waited until a sunny day came along, pushed a button, 
and chances are you would get a good snapshot of the family and friends. Today, 
however, with the more complete and expensive camera equipment and the various 
types of film exposure, it is not quite so simple. The discussion thus far has , 
involved some of the elements of correct exposure. In the quest for the contri5l 
of light, to get a correct exposure and an acceptable print, all t.hesc elements 
must work together. The film speed, lens aperture setting, the lens* shutter speed 
and the type and amount of light available or introduced, must be in agreement in 
order to achieve a correct exposure. 
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2. TERMS. The definitions found in this section are not necessarily 

f 

the most important terms in the lesson. * Additional terms and definitions wall 
be found throughout the lesson, and those given below ma\ be listed only in the 
interest of clarification. 

a. STiutter Speed - The period of ^tfme during which the shutter is 
open to permit light rays to reach the film! 

b. Exposure - The product, and time and intensit\ , of illumination 
acting upon photographic material. 

c. Underexposure - Too little light, producing a loss of tonal 
separation and detail in the shadow areas of a picture. 

d. Overexposure - Too much light, producing a dense negative wjth- 
poor tone separation in the lighter parts of this picture. 

e. ' Panning - To move camera so as to keep an object in the pictun 

f. Lumens - A unit for measuring the amount of light produced h\j 
an artificial flash. 

3. BASIC OUTDOOR EXPOSURE. A basic exposure for an outdoor s/cene 
is based on an average lighting situation for that scene. To a photographer/ an 
avera^t' scene means that the scene is nearly equal, in the dii^tribution of /lights 
and dark.-, when the subject is lighted from the front b\ normal .^unlight./ From 
thi-s, thei'e has developed a procedure used to estimate exposure. 

a. The usual starting "point for exposure is to have the filn/ speed 
(ASA) in agreement with the camera shutter speed. The film speed was first 
determined bv the selection of the best film to accomplish a certain objective. 
The shutter is then set on the same number as ASA* For example, if the film 
.ASA IS 125, the shutter should be set on I/I25; or, for ASA of 25, the shutter 
should be 1/25. If the camera shutter does not have the exact number, set it 
on the closest number. For the re^t of thi<^ discussion the example film will ^ 
haye an ASA of 100 and therefore a shutter speed of 1/100 of a secorjd. 

. ^ ' ^ I , . 

^ b. The next step is to determine the type'of lighting and |its effect * 
on reflections from the subject and its relationship to the lens aperture setting. 
To evaluate lighting and subject, four typical classes have been set up. These 
classes are common throughout photographic literature, and, in most cases, 
are used in the film manufacturer\s information sheets supplied with the film 
a.s an aid in determining exposure. 



(I) r)aylight iilumination is'divided into the classes of 
bright sun, hazy sun, cloudy bright, and cloudy dull, (Figure 1). 



IIIUMINATION 



BRIGHT 


HAZY 


CLOUDY 


ClOUDY DUll 


SUN 


^SUN 


BRIGHT 


OR 

OPEN SHADE 


o 






0 


STRONG 


SOfT 


WEAK 


NO 


SHADOWS 


SHADOWS 


SHADOWS 


SHADOWS 



Figure 1. Classes of Illumination. 

(a) Bright Sun . On a bright, sunny day, the sky is 
clear, bright, and free «i£J^ge cToud masses or atmospheric haze. Any 
shadows cast by the sun on this type of day are sharply defined. Normally, 
thu^ tvpe of daylight illumination provides ideal photographic conditions. 

{h) Hazy Sun , On i%azy, sunny day , the sun is partially . 
obscured b\ a thin haze. Since the light intensity is about one-half the light 
intensity of bright sun, the lens aperture should be on<^ stop larger than the 
scttmg lor^right sun. On a hazy, sunny day, the edges of shadows are slightly 
diftused or soft and ore less clea^y defined than those in bright sun. This 
t\i^e of lighting is preferred wh^ifj^he photographic mission requires slightly 
diffused light. , , . <*.'. \ , ' , 

(c) Cloudy 3fight . On a cloudy, bright day, the sun is 
largcl\ obscured b\ clouds or haze. The ^^un is in evidence,, but the shadow 
area? arc not apparent. This daylight condition exists when the light is bright-- 
e\cn glaring--and it .seems there should be shadows but. there are fews if an\ . 

id) Cloudy Dull . On a cloudy, dull day the ^un is -completely 
obscured b\ heavy layers of clouds or dense haze, (^n this type of day, light is 
extensiveh diffu^^ed and it is difficult to determine .the exacts location of th^ sun. 
Since there arg no shadows, there is no contrast and subjects' appear flat., 

/ , . (2) In sabiect brightness {type of subject anS its reflBcti\^ 
abiiity)-the f(^ur classes are: , brilliant, bright, average, and dark. In the 
discussion below, lueragc brightness is treated first to permit .comparison 
with the other classes (Figure 2). > . ^ 'z. ^ * , 



Brilliant 



nright 



Beach Scenes 
Snq,\v So^jies 
Marine Scenes 



VPMtc Buildinus* nuildinj^s. 
Light Clothino , Street Scenes 
People 

Figure 2. 



jydvk clothing 
Dark subjects 



- Average Subject. An average subiect' is one that 
reflects approximately 1^ percent of the light striking it and ab^orb^ the 
remainder. Included in this category ?jre people in mt^dium-colored clothin-g,- 
most buildings, landscapes uith ti'ees, stretit scenes, and interior view.-, z"^' 

(b) Dark Subject , A dark subject reflects only about 9 
percent of the light striking it and absorbs the remainder. Because it is oah 
one-half as bright as an average subject, it requires twice the exposure 
required for an av^erage subject. Included in thi- rategor\ ure vehicle^ and 
weapons, people in dark-toned clothing, and a barren rock\ island in a 
stormy area. 

(c) Bright Subject . A bright subieot is one that reflects 

. twice as much light a^ an average subject; consequenth, it absorbs a much ^ 
smaller percentage of Hoiu. a bright subject requires much less exposure than 

, an average subiect--generally one Jens .-top less than for ;m avtoM«"e sub|-ct. 
Typ^ical subjects in this category are a f:ur-^kimied nndjight-haired per>6n, 
people 10 light clothing,, and light-colorc-d l)uildings, ' 

fd) Brilliant ,^ib1ect. A brilliant subject reflects about 
foifr timps ,as much light as an r^drage subject and absorbs ver\ iiltle light. 
A brilliant si/biect requires mudi\\ss exposure than an average subiect—^ 
generally two len^ s:tcp:^ la^s than for an average *^ubieet. Tvnic- ! -ubiects 
in this catporyTare a Iaadscap(' covered by snov/, people in li-ht-colored clothing 
on a whife^and sand\ beuch, a uhiie sailboat again>t a blue ^ky and white build-n^s 
of a desert village. ^ 

<3) This information^ on illumination a-nrj subject, ha.s been . 
accumulated through extensive .research and experience) ^ This is also true 
, of the apertlire settings which are found in the pay light Exposure Chart shown 
in Figure 3. fn this tigure, the relation-hip between .the illummaiion, subject, 
and aperture IS dem.onstrated. 
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POSURE CHART ' 




— — rr^T— ... 


BRIGHT 

$UN - 

-o- 

STfiONG 
SHADOWS 


HAZY 
$UN 

SOfT 
SHADOWS 


ClOUOY 
BRIGHT 

^^^^^^^ 

WEAK 
SHADOWS 


CLOUDY DULL 
OR 

OPEN SHADE 

0 

NO 
SHADOWS 


LENS APERTURE SETTIHG 




BeauANT 

BEACH SCENES 
SNOW SCENES 
MAXINE SCENES 


f/32 


f/22 


f/16 


f/11 


5RIGH1 

WHITE SUllDiNGS 
lIGHiT CLOTHING 


f/22 


f/16 


f/11 


f/8 


AVERAGE 

BUILDINGS 
STREET SCENES 
fEOPLE 


f/16 




f/8 


f/5.6 


DARK 

DARK CLOTHING 
DARK SUBJECTS 


f/n 


f/8 


f/^.6 

\ 


J/4.5 



NOTE 



\ Com«'0 shwi»er ip«»ds ond speed os *ollows 

ASA film speed rot»A9 2S use »*»w»»e' speed 1/25 
ASA J-»m ^peed rot»o9 50 use ^Ku»»er ^peed 1/ SO 
ASA Mm speed 'o»trt9 JOO ust *>»uf»ef ^peed I/IQO 



2 Side-itgKied subiects 'equire one odd«i»oool Uns stop 
Bo«k-1.9K>ed subieds fequ»re two odd.'f'onot tens stops 



Fij^ure 3. I>a> light Exjwsure C hart. 



f 
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(4) The next st^p is to judge the illumination, look at the subject, 
and determine which class eaqh one is in; then find the corresponding aperture 
which is in agreement with the two. For example, it is a bright, sunny day 
and the subject is an average street scene. The exposure chart is then referred 
to; moving down the bright sun column to the average subject the lens aperture 
setting is discovered to be f/l6. If the sun were largely obscured by clouds a 
few minutes later, it might be determined to be cloudy bright. The aperture 
would then be f/8 for the same street scene. 



c. With the second step, the four parts of an exposure are in agree- 
ment. In the case of the example, the film speed was ASA 100, the shutter speed 
i' 100 of a second and the lens aperture f/16. The basic exp>osure of an average 
subject is shutter speed the same as ASA, at f/I6. 

d. The Daylight Exposure Chart is to be used merely as a guide which 
can serve as a starting point to determme correct film exposure. From this 
starting point, other situations that affect the exposure can be considered and 
admstments made. Som^/o^ these situations which should be considered are: 

t (1) Position of the Sun . • The angle at which the sun's rays enter 
the atmosphere affects it's color and intensity. This angle will depend on one's 
geographic location (latitud^, the hour of the day, and the season of the year). 
When the sun is close to the horizon at sunrise or sunset the intensity of all 
wavelengths is not only less but there is also a greater loss of blues. Films 
are generall\ more sensitive to blues and therefore the exposure should be 
increased by a half or a full f/stop. 

(2) Shade and Shadows . Because exposure must be sufficient to 
:ord imMttanriiemis in shadows, the degrees of darkness and physical 
extcnt^Qf^ese shadovv^iust be considered. To obtain details la a shadow area, 
use a wider lens opening than the one selected for a scene entirely in sunlight. 
.Most closeups have larger and more important shadow areas, and therefore 
require an increase in exposure of one stop. In general, the more distant the 
center of interest of a picture^ the smaller and less important the shadow area. 
In photographing a subject out of doors, for example, a close-up must show detail 
in the darkest and smallest parts. .At a greater distance, these details cannot 
be distinguished or photographed individualh . At an even greater distance, large 
details arc indistinguishable and further exposure adjustments are required. Ex^ 
posurc must be based on existing light conditions if details within the shadow areas 
are to be brought out in the photograph. This is especially important when long 
focal lengths or telephoto lenses are used to obtain -coverage of distant terrain 
details. Generally, whether close or distant, exposure for shadow areas of a 
scene is identical. - 
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(a) Since most subjects fall into the nearb\ group, it is 
safe to consider a scene as nearby when not sure of which type of exposure 
to select. \ 

(b) A semidistant view, which includes large shadow areas 
with important details and resembles a close-up in shadow importance, requires 
the same lens betting as a close -up. 

(C) Long distance scenes do not usuallv have dark shadows, 
because atmospheric haze lightens the areas. 

(d) A general procedure in photography is that the film is. 
exposed for shadow .ireas and developed for the highlight areas. 

(3) Cloudy EXill and Heavy Shade. If light from about half the sky 
strikes a subject, the situation is known as cloudy dull, or opea shade, and re- 
quires an increase of three lens stops. If a subject is shielded not only from the 
sun. but also from most of the sky, it is in heavy shade, or closed shade, and 
an increase of four or more stops is needed. Examples of subj^c;s4n heavy- 
shade are scenes in narrow streets and among tall buildings where, ^t^^iven 
angle, the sun is unable to penetrate. 

,4) Direction of Ughting - Front, Side, and Back Lighting . The 
directicw from which sunlight strikes a subject also has a bearing on exposure. 
A subject is brightest when the sun is behind the photographer as he faces the area 
to be recorded. This .is called front lighting (Figure 4). 

{at Side lighting illuminates the subject from the right or left 

.-ide » Figure 4». 

.b^ Back iighiing illuminates the back of the subject and the 
photographer face.- into the >un (Figure 4). 

ic) To determine what t\pe of lighting is involved, it must 
be remembered that it is in relation to the subject and not the ramera or 
photographer. 

id) la inveijligativc phoiogra|)h\ , detail.- in shadow areas are 
more important than an\ .irtK-tic lighting effect. With this requirement in mind» 
side lighting re(iuirc> a one stop increase o\er (voni lighting, and back lighting 
requires two stops more than front lightmg. 
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(e) The figures above apply only to subjects in bright or 
hazy sunlight, and not to subjects photographed on cloudy and overcast days. 
When daylight is sufficiently diffused and there are no noticeable shadows, 
the intensity of light falling on the subject is the major consideration. 

(5) Effects on the Basic Exposure . Using the above information, 
some examples can best illustrate how basic ex{5osure is affected* 

(a) The selected film speed is ASA 200, therefore the shutter 
speed IS 1/200. The illumination is a hazy sun with a bright subject. The 
aperture is found on th^ Day light exposure chart to be f/16. At this point other 
factors are now considered. In this case there Is back lighting of the subject. 
This calls for an increase in exposure of two stops. The exposure would then be 
shutter 1/200 of a second and lens aperture f ''8. 

yh) The selected film speed is ASA 25 - the shutter speed will 
then be 1/25. The illumination is bright sun average subject. Referring to the 
chart, the aperture is f/16. The picture requires shadow detail and it is con- 
sidered a nearby scene. The exposure would be f/5. 6. 

4, INTERCHANGING THE F/STOP AND THE SHUTTER SPEED. In finding 
the correct exposure thus far, the camera's shutter speed has been limited to the 
ASA of the film being used, and the aperture setting has been determined by 
available illumination. .The reason for limiting these related functions is to first 
fmd the correct exposure — the correct aniount and duration (time^ of light reaching 
the film to produce an acceptable negative. Once the correct e.x{|osure is deter- 
mined>, it may be necesslry to use a different shutter ^peed or lens aperture 
setting. For example, the correct exposure is ^determined to be shutter speed 
1/100 at fl6, however, this aperture setting does not provide the required deptii 
of field-'-f/32 is the onl\ aperture that can provide the required depth of field* 
Can the picture be taken at f/32 aperture? Ves, it can, provided the shutter 
speed is changed to again agree uith the aperture opening. The film still needs 
the same amount of light and as long as the combination of shutter speed and 
aperture setting provides that amount of light, the exposure will be correct. 
An important fact to remember is that once the correct exposure is determined, 
any adjustment of one of these two exposure factors demands an adjustment of the 
other factor. In the example above, the shutter speed would be reduced to l/25 of 
a second for the f/32 aperture. 

a. As the aperture is inc;reased by one f/stop, twice as much li^ht 
is allowed to reach the film as before. When it is reduced (decreased) by ofte 
f/stop, one-half as much light will reach the film. The 5hutter ^^peed has the 
same relationship to light as tne aperture. Ai- the shutter -peed is increased by 
one speed, one-half n> much light is allowed to reach the film. In rever^^e, as the 
shutter speed i< dt crcaj-ed by one speed, twiee as m^h light is allowed to reach 
Wfilm. 
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Once the correct exposure is determined, it remains constant 
(the same). Each time the aperture is changed, a corresponding change must 
be made for >hutter speed to allow the same amount of light to reach the film. 
The aperture is increased by one f/stop — the amount of light on the film is 
twice the originalVmount, the shutter speed is therefore reduced, cutting the 
amount of light by one-half and the amount of light reaching the film is again 
theorigmal amount, and the correct exposure. The relationship between 
the aperture setting and the shutter speed is that when the aperture setting is 
increased, a corresponding increase must be made in the shutter speed. 
In relation to light, the aperture allows more light in and the shutter is 
adiusted correspondingl> , by admitting less light due to the faster speed of the 
shutter. 

' c. .Assume that you have determmed that the basic exposure is 
1 100 second at f '11. However, with a rapidly moving suoiect. such as an 
automobile, \ou want to u,-?e a shutter speed of 1 '400 seconor Smce ohangmg 
the shutter setting from I 10(> second to 1/400 second reduce^^^^k^^^^m^i^ 
light reaching the film to 1 4, you must compensate by adjusting the lens 
aperture to assure a four times increase of the light permitted to reach the 
film. The f stop that transmits four times as much light as f 11 is f/5.6. 
Therefore, a balanced exposure of 1/400 second at f, 5.6 gives the same amount 
of light as the basic exposure of 1/100 second at f/11. 

d. Whenever the correct exposure has been determined, other 
combinations of shutter speed and aperture setting can be easily found. 
Thi^ one combmation which is im.ilh selei^tcd will be the one which fulfills, 
the requirements for the desired results. 

5. SUBJECi MOVEMENT AND EXPOSURE. The main factors, which 
should be^consid/red in action photograph}, are speed of the subject, angle and 
direction of the subject in relation to the camera, distance from tfie su^ect to 
the camera, and the focal length of the camera lens. 

a. Speed of Subject . In some action photographs, the shutter ^speed 
must be calculated to inspre that the recorded image retains a slight degree of 
motion. For example, the partial blurrin© of an individual's arm as he is 
throwing a bail shows that action is occurring. In this case, calculate the 
exposure for the most rapid movement, and then allow for the degree of movement 
to^be retained. When it is necessarv to pre\ent blur, the shutter speed must be 
so fast that subject movement during the e\po.-ure will not be apparent. 

b. • Directioryand .Angle of Moving Objects . Exposure time is affected 
b\ the direction of mpiion with respect to the camera a.xis. A subject moving 

.Hi ' 
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directly across the field of view requires a faster shutter speed than one 
moving toward or away from the camera. When the direction of motion is 
at a 90^ angle to the camera axis, the shutter speed must be faster than when 
the motion is at 45^ to the camera axi^ 

c. Distance . The closer the moving object is to the camera, the faster 
must be the shutter speed required to arrest the movement. It is preferable 

to select the camera position and point of focus in advance if the type and path of 
the action are known factors, if this is at all possible. Proceed as follows: 

(1) Select and focus on the spot where the action will be photo- 
graphed. If there is no time to prefocus, judge the distance. 

(2) To compute the exposure, use an exposure meter (para 6) 

to take a reading on an object lighted similarly to the subject being photographed. 

(3) Then use the chart in Figure 5 to determine the shutter speed 
needed to stop the action. 

(4) When the action starts, follow the action by panning the camera. 
To do this, follow the moving subject through the' finder until the subject reaches 
the prefocused area. 

(5) Trip the shutter when the subject isjji the prefocused area. 

d. Lighting Conditions . Light direction and resulting shadows are 
factors in determining the correct exposure for a given subject. 

(1) A uniformly illuminated object, regardless df details or 
composition, will not provide the same disturbing emphasis of broken lines 
a.-\te moving subject that acce^iiates shadow^details created by sidelighting. 
Stud^ carefulh the subieK'matter to be recorded if motion is a^art of the 
photographic problem. ^\ 2-.^ 

(2) Whenever there is *^mple light, the selection of a high shttter 
speed is no problem. With poor lighting conditions, use a high speed film ^d 
a relativel\ large lens aperture. ^ 

e. Focal Length of Lens . The closer the photographer is to the subject 
fo be photographedr'the more critical the movement of exposure. Longylo^ 
length lenses mn> be used to move the action closer to the viewing positiohr^ How 
ever, the longer the fueal length of the camera lens, the more critical the shutter 
speed to arrest the action. ^ 
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t. (Guides to Shutter Speeds tor Subjects in Motion ^ The tables in 
HiTure Scan be u^ed ,is j^uides in recording, motion. For slopping action, 
KWih a Mnnll camera, the table gives approximate shutter speeds adaptable 
to various t\pes of subjects moving at indicated rates of speed. The Press- 
T\pe camera tables gives approxin\ate shutter speeds adaptable to various 
t\pes of subjects. U is based on a circle of confusion of 1 '200 of an inch, 
witli a five-inch len^ and a four bv five-inch lilni size. 
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Figure 5. Shutter Speeds of Miniature and Small Cameras. 
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G. LIGHT METERS; AN EXPpSl'RE MECHANISM. A light meter or 
exposure meter can be a ver) reliable aid in determining correct exposure. 
Again, this aid, though more reliable than the exposure chart, is mainly used 
as a guide. The final interpretation of lighting and camera factors, and 
picture requirements for the best exposure is the decision of the photographer. 

a. Generally, light meters have photoelectric cells which convert 
light into an electrical charge which moves a needle on a calibrated scale. The 
more light there is, the more electrical energy is converted, and the farther 
the needle will be moved. The photographer adjusts for the fiLms ASA, gets ^ 

a light reading from the needle, turns a few dials, and the diafs, when in alignment, 
give him a selection of several shutter and aperture combinations. There are two 
types of light meters. Reflected meters and Incident meters. 

b. The reflected light meter measures the amount of light that is 
reflected from a subject. When light readings are taken with this type of meter, ' 
the photoelectric cells are pointed towards the subject. 

c. The incident light meter measures the amount of light falling on 
a particular subject. . 

d. Light meters are m»ost commonly desired for reflected light 
^readings and this is the most frequently used type of meter (Figure 7). When 
using this meter on distant scenes, it is best to slant the meter slightly aw^i\ 
from the i:k\ as the i?k\ is normalh the brightest part of an average- picture 
and It will affect the exposure reading. The type of photograph desired is 
determined before meaburinig the .icene't; light value. If sliadow detail is impor- 
tant, measure tht shadow area carefulls . If the highlights are to be emphasized, 
Vhe expc^surc reading -hould be of the highlights onl\ . To try to obtain detail m 
lach of these areas, both are measured and a compromise exposure setting is 
used. 

e. The mcident light meter is used near the subject, as in the 
reflective t\pe, however, the photoelectric cells are pointed toward the camera 
k-n- when a reading is taken. This meter is very useful when there is weak 
illun?!|^tion. It \> also useful to obtain a uniform negative density for an average 
jubicct anji scene. When there is an extended brightness range of the subiect 
area, it should nt)i be used. 

f. Aid.- are sometimes used to obtain a useful exposure readmg. 
Tw7) c-()mmon nuihodi- are - n gray card and a palm reading. 




( 



(1) The gray card is a neutral medium card, a foot and a 
half square, which is placed near the subject. A light meter reading is taken 
of the light reflected from the card. The purpose behind using-the gray card 
I?- to get a consistent reading. Through experieaco, the photographer can 
(lotermino which exposure is best for his purpose. 

(2) A palm reading is obtained by using the palm of one's hand 
three or four inches from the meter, to get an exposure reading. Again, 
this reading is used to achieve consistency. The reading helps with negative 
development and the color sensitive meter. However, it is naturally more 
useful when skin tones are important. 

* g. Procedures for using the exposure meter are as foUows- 

(1) Set the ASA film index number- on the light meter (see 
Figure 3, ASA is set on 400). This setting will remain the same until a 
different film is used. 

(2) Take a meter reading of the subject, keeping in mind the 
mam factors discussed above. The reading in Figure 7 is 13. 

(3) Set the moveable dial to correspond with the light value 
reading, as it is indicated by the light intensity needle. In Figure 7, the arro'v 
is set at 13. 

^ (4) \ou are- now ready to read the aperture and shutter settings 

Most exposure meters will give more combinations than any one camera may 
have, however all the combinations will give the same exposure results. The 
choice is the photographer's and depends on the picture results needed. 

h. An exposure meter should be shielded from shock, strong 
magnetic influences, dampness, extreme heat, and sunlight. Never point a 
reflective meter directly at the sun. 
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7. EXPOSURE WITH ARTIFICIAL LIGHT - -PHOTOFLOOD. Assuming 
a long enough exposure, almost nny Ught intensity can be used to produce an 
image on a sensitive emulsion. However, diml> illuminated subjects oftenn-equire 
an exposure too long to be practical. Accordingly, artificial light gives the 
photographer pictorial control. He can place light on different parts of a scene 
to achieve a variety of lighting. Special lamps have been developed for such 
purposes. 

a. Floo7y%Rmps . Flood lamps resemble home service lamps, 
but their filaments are designed to give more light of a bluer characteriytic per 
watt than home service lamps. Sizes are designated by the numbers 1, 2, and 4, 
and relative light output is roughly proportional to the numbers. The letter B, 
sometimes used with the lamp number, indicates a blue glass lamp that adds 
the effect of daylight in color photography. The letter R, used with the lamp 
number, indicates a built-in reflector. 

Determining Exposure . Floodlighting is usually below sunlight in 
intensity and requires the use of larger lens apertures or longer shutter exposures. 
Only flashlamps at close range approximate the intensity of sunlight. In additiort^ 
illumination from a lamp is inversely proportional to the square of the lamp-to- 
subject distance (inverse square law). When the distance between a lamp and a 
subject is doubled, only one-fourth as much light reaches the subiect. When 
the distance between the light and the subject is tripled, only one-ninth as much 
light reaches the subject. Illumination also varies with lamp wattage, the 
efficiency of the reflector, the angle at which light strikes the subject, the use of 
diffusers, if any, and the actinic quality of the light. 

(1) Lens :?etting:s for simple two-lamp setups, with la^'p types and 
distances specified, can be determined quite easilv. Approximate j'ens settings 
are given in computers and usually on film instruction sheets. 

(2) More complicated lighting- setups require the use of an - 
exposure meter or test exposures. Once a photographer has become faj|uliar 
with certain lamp setups, however, he can, through experience, flwpHcntP 
camera and lens adjustments to obtain a particular pictorial effect. 

5.. EXPOSTRE WITH ARTIFICIAL LIGHT - PHOTOFLASH. 

a. Photoflash is the mo.re commoh^pe'of artificial light uscjd in 
investigative photography. Although the following is a discussion of flash 
phonography, keep in mind that fioodlamps can be used in place of flashbulbs. 
The principal diffej'cncc- between flood and flasfi, and thus thb advantages or 
disadvantages oi one over the other, are that the: 
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. (1) Light from a Q^shbulb chines tor Dut a Driet moment. ^ 

(2) A new flashbulb must be usedjor each exposure. The one 
true exception to this fact, the electronic fl^sh, will be discussed later in thjs 
lesson. The four-in-ona flSsh cubes are not an exceptioato this fact because 
they are really four separate flashbulb^ built as one unit. 

(3) Flashbulbs are more pprt^^le than floodlamps. Even 
though using flashbulbs requires a larger number of bulbs, the small size 

and weight of the bulbs and auxiliary eguipmenfiiiake flash equipment easier to 
carr>'. Also, floodlamps usually need to get power from commercial po\verlines, 
whereas flashbulbs operate on batteries. 

b. There are several varieties of flashbulbs. However, they are 
all similar in construction. There are, generally, four common types of bases - 
screw, bayonet, pinless, and glass (Figure The type of lamp base used will 
depend on the type of socket found in the lampholder. The size of the bulb will 
depend on the size of the reflector. 




SCREW BAYONET PINLESS GLAS^ 

Figure 8. Flashbulb Ba?es. 



(1) The effectiveness of a flash lamp is dependent to a large 
degree on effKMenc\ of the reflector. The center of the flashbulb should be at 
the focal point of the reflector. If the bulb is not centered, the efficiency is 
reduced. _ Because reflectors vary a great deal Jn their efficiency, the information 
provided by the manufacturer is important. 

(2) The light from a flashbulb is produced by burning metal.- 
Wires connect the contacts on the fla^hbull) base to a primer (Figure 9 ). 
Electric currc^nt passing through the primer causes the primer to explode and 
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ignite the wire filling. The burning wire filling produces the light. The filling 
is' a metal such as magnesium that will burn with a brilliant white light. 
Actually the color is reddish, but this is not visibly poticeable. The filling 
may be fine, loosely packed wire or a crumpled foil. Burning the wire filling, 
requires oxygen, so the 'flashbulb is not evacuated as a 'household lamp is; the 
flashbulb contains oxygen. If, due to sotne fault in the lamp, there is not'enough 
oxygen,<there will be no flash. Many flashbulbs have a blue spot (actually a 
cobalt saHj|||)n the glass .that turns pink when there is not^enough oxygen. DO 
NOT USE TOE BULB when the blue spot has turned pink.' The burning metal 
produces heat and explosive force as well as light. For -safety, the glass is 
heat resistant and coated \vith a plastic to prevent the glass from breaking and 
scattering pieces. Even though modern flashbulbs have this safety feature , 
DCf NOT FIRE BARE BULBS near other people. The lamp that you are using 
might be defective. It's not likely, but why take any chance when there are clear 
plastic covers for all types of reflectors that give added safety protection. Also, 
a handkerchief or other diffusing cover will provide protection and reduce the 
harshness of the light when you are photographing up close. 
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Figure 9^. Flashbulb Construction. 

Brilliance and Time Vary From Bulb to Bulb . To you the flash 
oi a flashbulb may last .just n moment, but when compared to the speed of your 
shutter the duration of the flash may be n very short or a very long time. Since 
the shutter must be open during the flash, you must consider the shutter action 
with the timingM>t the flash when selecting a flashbulb. Each flashbulb manufac- 
turer prints data concerning brilliance and time about its own flashbulbs; The 
data may be printed in words, charts, or graphs and is usually packaged with the 
bulbs. Figure 1 0 is a typical graph of the flash of a flashbulb. 




TIME-MILL ISECONOS 

Figure 10. Typical Time-Inteasity Curve. 



(1) Let'= look at the operation of the flksh shown by the time- 
intensity curve in Figure 10. The vertical height shoN^ the brightness in 
lumens. The horizontal scale shows the number of miUiseconds (thousandths 
of a second), after the flash is triggered, For the first few pnilliseconds no 
li-ht is emitted because it takes this long to fire the primer and igmte the 
fUler. From 3 to 7 milliseconds the flash gets brighter because the burning 
is cprg^ng through the filler. After a peak brightness at 7 milliseconds the 
brightSss decreases as tfie filler is burned up. Different types of lamps have 
different time-intensity curves. 

n The -area under the curve indicates- the amount of light 
available for ex^su're of the aim; however, if the shutter opens too late or 
closes too soon some of the light Nvill not be used. Look at the curve in Figure 
10 A shutter speed of 1/200 second is 5 milliseconds, and if this shutter opens 
when the flash is triggered? the shutter will close before any light is available. 
At a shutter speed of 1/50 second (2o/milliseconds) this same shutter closes 
befbre the peak of the flash, and les/ than half the light is used. Thus, the 
shutter must open c^nd close atWpro^fer time to get the most-effective use . 
of the flash, ' * ' ^ 

(3) Timing is not the only difierence between bulbs. Peak 
brightness, total light, and the shape of the time-intensity Curve alsp vary 
with type off las hbulb. , » 
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There nre many different types of flashbulbs. 



hwcr),. y I ^ ^'"'P' ^^^^ ^""S time to fire and reach their peak 

brightness, nnd they produce a ver>' brilliant light (Figure 11) ClassTbuIbs 
are best used .ith slow shutter speeds to illumLte ia^e. open areas 

e , ^"^ ^^^""^^ lamg^e medium firing. They are faster than 

S lamps but generally have a lo^Iight output. T^is is therosfcomm^n 
cla.s of lamp used .-ith synchronized, between-the-lens shutters (Fi^rTT2). , 

(3) Class FP bulbs are about as fast as class M lamps in 
reaching their peak, but they ren^ain at theiApeak for a long t me The fairlv 
nat. long peak of Class FP flashbulbs assure even exposure wUh focal pit e 
s utters. A focal plane shatter does not expose all of'the film orma at "e 
same time so the light intensity must remai;. constant as the shutter move. 
ingu^e^S) ' ^ ^^"^ ^^^^"^^ ^° °^ the film 

cube This is ?.nh "7^"' development in flash photography is the flash- ' 
refleaol The cuh. "7 '^'T''''' "^^lamps. each with it. own 

reflector The cube rotates after each exposure, permitting you to take a ' 
senes of four exposures without changi^ lamps (Figure 14^ The lamps can 
be^used^^only witl, cameras designed for them or in special idaoS^s r:the^ 
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Figure 14. Flashcube curve. 



d. An electronic flashlamp, also called a speed-lamp or repeating 
flash unit, produces light in the same manner as a fluorescent lamp, 

(1) . The reaction of an electronic flash unit is so quick that the 
flash is over in less time than it takes to open most shutters. Thus, X synchro- 
nization is often required. In X synchronization, the flash is delayed until the 
shutter is fullv open, whereas in other types of synchronization'you dela\ the 
shuttetv^ 

0 

(2) Because electronic flash units are fast opei-ating, shutter 
speed has almost no effect, and rapid photographs are possible- At very slow 
shutter speeds the shutter may-not open fast enough, but this presents no problem 
with X synchronization. And for the shutter to cut off an\ of the flash its speed 
has to be 1/UOOO second-<)r faster.' 0 

Guide Number Deterrtnties F/Stop . E.xposure time is normally 
the duration of the flash and you control the -amount of exposure by adjusting the 
lens opening. To make \our calculation of tfye required f/stop easy, manu- 
facturers of lamps print guide numbers for their lamps. Specific guide number 
data is packaged with the flashbulbs, and aa example of the type of data Is shown 
in the chart below. Figure 15 also lists some common flashbulb guide numbers. 
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All W^^ather Pan 
Koi la color 
Kodacolor-X 
Panalomic-X 
Plus-X 

Vcrichromc Pan 
Vfrsapan 



1ft v »*• ^i" i»<'ii*'h»*'i f»*rt«f«r 



o 



SUBJECT 



y X 



no 

90 
180 
160 
160 



M Hyttr <#iil> 



l.iO 

70 
140 
130 
130 



110 
48 
80 
60 
120 
110 
110 



«0 
34 
55 
44 
90 
80 
80 



8 FEET 



65 
28 
45 
36 
70 
65 
65 



LAMP 



Figure 15, Sample Flashbulb Guide Numbers. 



CAMERA 
FILM: PIUS-X 
SHUTTER: M SYNC 
1/250* 

f.STOP: J 

TM 40l.3 tlO 

Figure IG. Problem to Determine f/stop. 



(1) The required f/stop is determined by dividing the guide number b\ 
the lamp-to-subject distance. For instance, if the subject is 5 feet from the lamp 
and the guide number is 40, the f/stop Is 40/5 or 8 (actually f/8). Work the problem 
in. FiguM 16 using chart in Figure 15. 

^ (2) The answer to the problem in figure 16 is f/1 1 (90/8 = 11.25). 

(3) The guide numbers stated by a manufacturer for a given lamp are 
based on subjects of average brightness, a particular reflector, and a given film 
speed- For dark subjects (people with dark colored clothing, brown or black objects), 
and for open areas, open an additional 1/2 or 1 f 'stop. For light subjects (white 
clothing or light colored objects) and a closed-in area (nenr walls or low ceilings) 
close down 1 2 to 1 f 'stop. A diffuse type of reflector requires one additional stop 
more than a polished reflector. 

(4) Manufnctufers' data generally state the guide number for many film 
speeds, and it ii* not difficult -to determine the guide number for an\ ASA value if \ou 
know the guide number for one ASA value . To find the mew) guide.humber for a 
(new) ASA value* multiplx the old (known) guide number In the square root of the 
quotient of the new ASA value di\ided b\ the old ASA value n> -hown b> the following 
formula: 



New guide number - 
old guide numbe 



I / new ASA value 
r V olcl ASA v:ilue 



For example, if the guide number for nn ASA of 100' is 50, then the ^uh\v number 
for an ASA of 200 is 



.-.0 ^ 



200, 
100 



50 



00 
100 



50 X 1.4 = 70. 
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9. LIGHTING EFFECTS AND EXPOSURE. Artificial light, both 
photoflood and photoflash, can be used in different .ways. Although 
photoflash is ^till the main point of interest, many of these techniques also 
apply to photoflood, 

a- Open Aperture for Diffuse or Bounce Flash . Except when the 
flash is mounted on the camera, flash lighting generally is ve^iy harsh with 
strong highlights. To soften the lighting and make it more natural you can 
use diffusing or bounce techniques. 

>{1) To diffuse the flash you can use a diffusing reflector, 
a diffusing shield, or^fii^ft^l^Kj^ace a standard man's cotton handkerchief over 
the flash. A diffusirfe reflecto^- has a rough surface, while the polished 
reflector has a smooth mirror finish. The diffusing shield is a piece of^ trans- 
lucent plniJtic that fits over the front of the reflector. 

(2) Each of the above mentioned diffusing devices reduces the 
intensitj- of the light by about one-half; thus, you must open the lens one addi- 
tional stop. 

(3) You must also open the lens for bounce flash. Bounce flash 
is the technique of reflecting the light ^ff a wall, ceiling, or other surface to 
get a diffused or more natural lighting of the subject. To determine the lens 
opening with bounce flash, use the distance that the light travels to^the subject. 
That is, the distance from the lamp to \^ere the light hits the wall plus the 
distance from \v]i^re the light hits the wall to the subject (Figure 16). 

b. Flash-on-Camera Gives Flat Lighting . Mounting the flash on 
the camera is a convenience that gives the photographer freedom of movement 
and abilit\ to m.ike exposures quickly with assurance of fairly good lighting. 
However, do not limit the quality of your photographs by becoming lazy and 
using fla.sh-on-camera techniques exclusively. i 

^1. Flash-on-caniera gives flat lighting. There are no shado^-s 
.n the- t if :i.re bec;iuse the flash illuminates almost every area that can be seen 
h\ the caru ra. Shadows give depth to the picture and body to the subject. 
Without -hadrn.> rhc; photograph loses some of it^ abiiitv to produce the optical 
illu>ii>n ol tho three dimensions, and consequently it anp(»arh flat, 

i2) Because illumination dqcreasos with the square of the 
distance, flash-on-camera is likely to result ip overexposure of ngar objects 
and underexposure of far objects. 



12:3 
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(3) Flash-on-camera is best used as a secondary or fill-in 
light to bring out the details in shadows created by a key light that is off to 
one side. Vr^ 

c. Flash Off to One Side Gives Form. Ughting the subject from 
one side produces shadows that the camera records, and these shadows create 
the illusion. of depth, form, and texture. The light shauld not be directly to 
one side of the subject but somewhere between head on\and to one side. Even 
holding the flash at arms length to one side of the camera mil improve the 
quality of the photograph. I 

(1) Another advantage of having the light^off to one side is that 
it will give a more even illumination of deep scenes. If ^ou place the light off 
to one side, the distance from the light to the front of thai scene is about the 
same as the distance from the light to the back of the scehe. When the scene 
is very deep use more than one light. 

(2) Flash can also be used as separation light, to light the 
background, or to silhouette the subject. 

(3) The disadvantage of side lighting is the loss of detail in 
shadow areas, but you can overcome this by using multiple flash. 

• d. Multiple Flash . Flash off to one side (key lighting) gives 
form and texture to the photograph; flash on the camera (fill-in lighting) brings 
out shadov\ details; and lighting the background or back of the subject (separation 
lighting) separates the ^ect and the background giving depth to the picture, 
^ou can take advantage ^ these forms of lighting in one photograph by using 
many flashbulbs in a"Vfichronized multiple flash. ' 

€. Lightmg Ratio . The lighting ratio is the ratio bf the illumination 
of the highlights to the illumination of shadows, The lowest possible ratio :i:l) 
means that the highlights and shadows are lighted to the same extent. At 2: 1 
the highlights have tuice the light of the shadows; at 3:1. three, times the amount; 
and so on (Figure 18). ^ 

ri) A lighting ratio of 1:1 is used principally foi^ copying or where 
am shadou is undesirable. To get a 1: 1 ratio requires a careftjl bahmcing of 
lights so that there arc no shadows and so that the lighting is th^ same throughout. 

(2y A lighting ratio of 2:1 results in faint shadowip with high detail 
m the shadows. "The bright shadows of a 2-1 ratio retain color T^urity in color 
film, permit good rendition of mechanical objects, and. reduce the burned out 
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cffoc-t of highly reflective highlights. The 2:1 ratio i.s obtained by using equal 
lights from key and fill-in lights. Evan-though the} arc of equal intenbit\ , the 
highlights will be brighter because they receive light from both lamp?, whereas 
the shadow areas ore illuminated only by the fill-in light. 

(3) A 3:1 lighting ratio is the result of having the ke\ light supply 
twice the illumination of the fill-in light (Figure 17). The snadou areas are 
ver\ noticeable without too much loss in shadow details. The J: I ratio is good 
for most black and white pictures, especially activity shots and portraits. 

(4) As the lighting ratio increases, the shadow area gets 
effectively darker and darker, and, depending on the latitude of the film, the 
shadow details are soon lost completely. Tl)e higher ratios are used for dramatic 
effects. 



1 : 1 
SUBJECT 

~~r 



LAMP 



SURFACE 
LIT BY BOTH 
LAMPS ^ ^ 



2 : 1 
SUBJECT 



SURFACE LIT 
BY ONE LAMP 



3 : 1 
SUBJECT 

rr 



LAMP-- 



LAMP 



LAMP 1/3 CLOSER 
GIVES TWICE THE 
ILLUMINATION 



I 



\ i 
\ \ 
W 
V 

LAMP 



Figure ly. Lighting ratios. 



Use of Flash in Daylights Night and indoor shots are not the 
only situations when you use nashbulbs. You might use them to replace one 
or more photoflobd lamps. Perhaps you might use photofloods for fill-in and 
separation light, while using, the flash as a main light to reduce the strain on 
the, subject caused by the bright lights* You can \ise flashbulbs in sunlight 
to lower contrast, increase shadow detail, and add brilliance. On dull, over- 
cast days you might get flat, uninteresting pictures, but if you use a flash it 
can add sparkle, form, depth, aad sharpness to a photograph taken on a dull 
day. On a bright, clear day the sun creates deep, dark shadows. A flash 
can lighten the shadows, bring out details in the shadows, and reduce the 
overall contrast to remove the cutting sharpness of a bright day. 

(1) On bright, sunny days use the sun as the key light and the 
flash as a fill-in light. 

(2) Use Sun as Fill-In on Dull Day . On dull, overcast days 
use existing light as a fill-in light and flash as the key light. Set your exposure 
for the type of daylight^ and then position your flash to simulate the sun. 

(3) Use Flash to Balance Sun . When you photograph indoors 
where the bright daylight is visible through a door or a window, and when you 
piiotograph in deep shade where bright patches of sunlight are visible, the 
extreme variation of lighting may be too much for the film. These situations 
are easily handled by^the human eye, but the resulting photograph is so dark in 
the shade areas and so white in the sunlit areas that the details of both are lost. 
To overcome this effect and get an indoor -outdoor balance, you can use a flash 
tq^Ughten the shady area. Set the exposure as though the entire scene were re- 
ceiving the same light as the sunlit areas, and position the flashbulb according to 
the formula. You may need more than one lamp to get even lighting throughout 
the entire indoor or shaded area. 

10. FILTER EFFECTS. In Lesson I, we learned that white light (sunlight) 
is composed of all colors of the spectrum, and that each color has its own charac- 
teristic wavelength. When a colored glass filter is placed in a beam of white light, 
the color composition of the light is altered. According to its color, a filter will 
absorb some wavelengths and transmit others. 

a. Of all the colors of the spectrum, three are designated as primary 
colors, red, blue#^ and green. The remaining colors are combinations of these 
three colors and are called secondary colors. The secondary colors are found in 
the area of the spectrum where the wayelength of two primary colors merge. For 
example, green has a wavelength of 500-600 millimicrons (see Lesson 1, para 3a 
(2)); and red's wavelength is 600-700 millimicrons (mn). \ellow is made of 
green and red, and has a wavelength of 600 mn. As the wavelength of green 

If ^ 
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becomes longer it merges with the .shortest wavelength of red. The overlap 
of the two wavclengthia produce the secondary color - yellow. 

b. Each color has a complementary color, and when combined they 
will produce white light. For example, yellow is the complementary color of 
blue. Yellow is composed of red and green. By the addition of blue, all primary 
colors are present and the product is white light. To facilitate determining com- 
plementary colors, a color wheel can be used (Figure 20). The colors on the 
upper portion of the wheel represent the red end of the spectrum and are warm 
colors. Those on the bottom portion represent the blue end of the spectrum and 
are cold colors. To find a complementary color, select the primary color first. 
The complementary color is directly opposite on the other portion of the wheel. 
For example, the complementary color of red is blue green (Figure 20). 

1 



l» 




Figure 20. Color Wheel. 



When a liltcr i? placed over a lent, it does iwo things. It 
•ightenb it-^own color and darkens Its con.plemeniary eoiors. Because a filter 
^eiectiveh absorbs certain colors, ii ap!.«ears colored. .A red filter appears 
red because it .ibsorbs blue and green and transmit.^ red. A blue filter absorbs 
.-ed .md green, and a green filter absorbs J.lue and red. A filter which absorbs 
onlv blue appears \ellou because it transmits red and green., Ab.'jorptxon means 
thai the filter uill nc;t puss that particular color. Thus a red filter will not pass 
blue or -reen. If a roci ..ba-et is photographed with a rod filter any objects m the 
<cenc which are blue or green will be darkened and the red J'",^^, .'Jll^^j?^^ 

in the 'final mint. The reds will be darker on the negative since the red light is 
all that is beine transnittted. 
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11. FILTER TYPES. For general photographic purposes, there are two 
classifications of filter. They,are correction filters and contra.st filters. 

a. Correction Filters are used to correct the color-sensitivity 
balance of black and white films. The human eye is more sensitive to green ' 
and yellow than are film emulsions. The film emulsion, is more sensitive to 
blue. To render colors in their relative brightness, as seen' by the human eye, 
a^lter is used to change the sensitivity of the film, making it more responsive 
to yellows and greens. Usually correction filters are yellow. 

b. Most photographers use filters to create contrast. Although 
two colors may be different, if their brightness value is the same they will 
reproduce as almost the same shade of gray in a black and white print 

To create the needed contrast, a contrast filter is used. A classic example 
a red apple and the green leaves of its stem. Red and green reproduce as almost 
the same shade of gray. Either of two filters can be used to create contrast 
between them. A red filter will darken the leaves and lighten the apple and a 
green filter will do just the opposite. There are four basic filters used for 
contrast: 

(1) Red(A).- 

(2) Orange (G). 

(3) Yellow (K-2). 

(4) Green (X-1). / 

c. There arc certain procedures that can be of help in determining 
proper filter selection. The subject should be examined to determine how various 
colors should be photographed to show texture or pattern, or how to create contrast 
between two or more colors. Some color shades are obvious enough to indicate 

the correct selection, [n some instances viewing the subject through the filter 
will enable you to make the correct determination. To simplify filter selection 
the following chart may be used. 

d. Not -all filters can-be used with all films. However, it is safe to sav 
that any filter can be used with panchromatic film (see Lesson 4, para 3), since it' 
Is sensitive to all colors. .Manufacturers instructions for films should be referred 
to for correct determination of filter use. ^" 
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LIU n 1 un 


DARKER 


RED 


* A or G 


C 5^ ■ 
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GREEN 
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C5 or A 


BLUE 


C5 


. A or G 




I/O ^ ' A 

K - 2 , G or A 




ORANGE 


GorA 


^ C5 



^The C5 />//^>^ /5 blue 



Figure 2 f; ..Color chart. 



12 FILM FACTORS. Since a filter absprbs some of the colorS 
contained in white light, it is obvious that some of the intensity; of the light 
is lost as well. Therefore, some compensation must be made in exposure. 
The amount of compensation is determined br the color and shade of the filter'. 
The amount of correction is given for each filter by the filter's factor. 

a The filter factor is a number that indicates the number of times 
the exposure must be increased to equal the amount of light that would reach - 
the film if the filter were not used. For example, a yellow K-2 filter has a 
factor of 2. This means the exposure must be increas^^d twice. This can be 
accomplished bv opening up one f/stop or doubling the Exposure time. If the 
basic exposure was 1/50 second at f/8 u-lthout the filter, the exposure with the 
filter could be either 1/50 second at f/5. 6, or l/25 second at f/8. Listed 
below are the e^osMve increase factors for the most often used filters, for Plus- 
X Panchromatic film, o 
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FILTER 


• 

COLOR 


EXPOSURE 
FACTOR 


NUMBER OF F/<5T0P ' 
CHANGES ^OUTDOORS 


A 


RED 


8 


3F/ STOP 


X — 1 


GREEN 




2F/ STOP 


G 

^— 


ORANGE 


3 


I-I/2F/ STOP 


K - 2 


YELLOW 


2 


1 F/ STOP 



Figure 22. Filter Factor Table. 



1 ' EXERaSES ^ - ' p 

REQUIREMENT. The follo\ving exercises are multiple choice. There are 
four alternatives to each exercise. You are to select the one alternative that 
is correct and indicate' >^>ar choice by circling the correct response" 
directly on the exercise booklet. 



1, The usual starting point for exposure is to have 

a. the film speed in agreement with the shutter spe^. 




b. ' the shutter speed in agreea|ent with tie-tens aperture, 
the leAs aperture in a^eementwth the focal length* 
the iopzl length in agreement with Mj^ film speed, 

2. Which of the following is not a classification of ckylight illunaination? 
a. Bright sun. 
fa. Hazy sun. 

c. Cloudy bright. 

d. Haiy dull. 

3. The four classes of subject farigbtness are 
a. 'white, yellow, red, falack. 

fa. farilliant, bright, average, dark. ^ 

c. bright, average, dull, dark. 

d. brilliant, bright, shadow, dark. 
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4. The amount of light reflected from a dark subject is about 

a. 9^. ■ - 

b. ^11%. 

c- 13%. ^ 
d. 15%. 

5. Joe Is taking a picture of an accident. The scene is a downtown 
street, at noon, on a cloudy day. Many bystanders will be in his picture. 
The bystanders cast weak shadows. His lens aperture, using Figure 3 
(The Daylight Exposure Chart), should be 

a. f 5/6. 

b. f/8. 

c. f/11, 

d. f/16. 

6. At wliat time of the day is there the greatest loss of blues in the 
rays of the stin? 



7 a. m. 



9 a.m. 



11 a.m. 



■ d. 1 p.m. 
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7. If light ivom about half ihc skv strikes a subject, the situation is 
known as clou(h dull, or open shade, and re(juires an increase 

a. in focal leni^lh. 



b. of six ]en> >tops. 
e. of three lens stops, 
d. of one len> sto]). 



3 




^. The amount of light that is admitted as the aperture is 
increased by one f stop is 

*a. onc-C{uarter a< much. 

b. one-half aj* much. 

c. i\nce a^ much. 

d. the same, siiKl; there is no conneciion. 



9. * How much Jight will i>e allowed to reach the film if the shutter >pced 
I- <iccrc;iscd b\ one spt»cd? 

St 

a. one ({uarlcr as much, 
br ( itxv half a> much. 

c. 1 wicc much. ^ 

4 

d. >hiiui'r >i)fccl does nut allccl the amount ot light. 
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10- Of the following, which direoaon of motion requires the fastest 
shutter speed? 

Toward the camera. 

b. Stopped 15 feet from the camera. 

c. Away from the camera. 

d. Across the field of view in front of the camera. 

11. Which of the following distances, away from a camera, would 
require the fastest shutter speed to stop the motion of anceborse? 

a. 10 feet. 

b. 20 feet. 

c. 30 feet. 

d. Shutter speed is not a factor here. * 

12. Two factors in determining the correct e:qx)sure for a given subject 

ajre. 

a. light direction and resulting shadows. 

b. focusing distance and film type. 

c. type of viewfinder us^d and film ASA number- 

d. shadow areas and camera focal length. 
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l3«^^^^JMiic^^ lor poor illumination is 

:u 10 move clo-^er to the subject, 

b. ui^e of n relntively inrgc icns aperture. 

c. use oi n Ipwor ASA film. 

d. a higher shutter speech 

14. Light meters ore normally powered by 

a. transistors in the meter bod\ . 

b. the heat contained in light, which is convert^ to electrical 



ener^\ . 



c. pin cell batteries in the meter body. 

d. light energ}", which is converted into mechanical power. 

15. Step one in taking a light meter reading is to set the 

:i. f stop scale. 

b. \SA ind^x number. 

c. shutter speed scale. 

d. foot-candle -cale. 




t 



16. The letter which indicates a floodlamp that adds the effect of day- 
light to color photography is 



a. B. 
c, D. 



17. Floodlighting usually acquires the use of larger lens apertures 
because 

a. it compensates for harsh bluishness of the light. 

b. it is usually below sunlight in intensity-. 

c. artificial lighting changes focal length, 
d* floodlighting causes more shadows. 

* 

18. The effectiveness of a flash lamp is dependent to a large degree on 

a. the power available. 

b. the t>'pe of base used. 

c. the efficiency of the reflector. 

d. the size of the bulb. 



U2 
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19^ The class of flashbulb which is normally used with focal plane 



shutter cameras is 
a- S. 

b. ,FP. 

c. M. 

d. B. 

20. » Answer the following problem using Figure 16. Flash subject 
distance is 15 feet. Kodacolor film is being used. The shutter speed is M 
synchronized at 1/125 of a second. What is the correct f/stop? 

a. 1.4. 

b. 2. 

c. 3.2. 

d. 4. 

21. A problem with flash-on-camera techniques is the 

a. absence of blue light. 

b. inability to adjust the lens aperture. 

c. the underexposure of near objects. 

d. lack of shadows,^ 
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22. Yellow light and blue light, when combined will produce 

a. grwn light. 

b. block light. 

c. white light. 

d. blue light since it is primary. 

23. A filter 

IK lightens its own color. 

b. lightens into complementary color. 

c. darkens its own color. 

d. darkens it's own color and its complementary color. 

24. A correction filter is used to 

a. change focal length. 

b. bring out blues that are not normally seen. 

c. create contrast. 

d. , change a film's color sensitivity^ 

25. If a filter factor is 4, it requires 

a. a decrease of 4 x the original exposure, 
b/ a decrease of 2 f^stops, 
c. ^an incretjs'e of 2 x the ariginnl exposure. 
. ' • d. an increase of 2 f/stops, 

- - ' ' 4-12 {T S'-4()" ' 
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ATTACHED MEMORANDUM 

This attached memorandum includes information extracted from resident 
instructional material ot the United States Army Military Police School and TM 11- 
401-1 In case of conflict between the attached memorandum and other publications, 
the material contained in the attached memorandum will apply to this lesson assign- 
ment. 

J. INTRODUCTION. Most individuals, at one time or another, have loaded a 
camera, taken some snapshots and removed the film for "development" at the local 
drug store. They usually do not know what is involved in the develbping process, but 
thev do know that they will receive their snap shots back in a more meaningful form— 
a picture. However, at the point of removing the film for developttient a long and 
complex process has only started. Actually, the word "development", as used above 
can be divided into two separate phases; development of the film into a negative and 
the printing of the negative. 
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• 2. NEGATIVE DEVELOPING SOLUTIONS. The development of a negative 
IS a chemical process which entails five different steps in the following order- 
actual development, a rinse bath, a fixing bath, washing, and drying. 

a. Before discussing these processes, there are some general factors 
which must be pointed out. 

(1) When working with photographic chemicals and light sensitive 
materials, cleanliness is a must. Work areas must be clean and free of extraneous 
objects. If this is not done the negative may be worthless before it ever gets into 
the developing solution. 

(2) Chemicals, whether they are for negative development or printing 
are set up from, left to right. This standard procedure was established to avoid 
mistakes m processing. Also, when using these chemicals do not go back to the > 
previous solution in the chain. This may destroy the negative and-it M ill definitelv 
affect the chemicals themselves. 

b. The.developing solution is the first chemical solution to be used. This 
solution IS composed of many different chemicals which have various functicis Ther 
are also a variety of developers which act differently on the film, i.e., the> produce 
different results. The different solutions generally include a reducer, a solvent 

an accelerator, a preservative and a restrainer. These chemicals are obtainable 
separately in powder form and then mixed with water, or as a ready-mixed solution. 

(1) Reducer. The basic ingredient in the development solution is the 
reducer. When a sensitized emulsion is exposed to light, the silver halides forming 
the latent image are so weakened by the action of light that they can be reduced to 
metallic silver. This reduction produces a visible image. In this reduction process 
a chemical compound, the reducing agent, combines with oxvgen and reacts with the ' 
exposed silver halides in the film emulsion. If used alone, however, this reducing 
agent will have very little or no effect.on the silver halides, since it has a low rate 
of oxidation. Therefore, an accelerator must be added to the developer. 

(2) Solvent. The solvent softens and swells the emulsion and allows 
the chemicals in the solution to penetrate. 

(3) Accelerator. An adcelerator, or alkali, is used to increase the " 
rate of oxidation of the reducing agent. This accelerator energizes the reducer bv 
increasing Its rate of oxidation, 'softens the gelatin of the filni emulsion, and speeds 
up solution penetration. However, a solution containing only a reducer and m- 
accelerator will oxidize quickly and act too rapidly. Therefore, it becomes necessary 
to add a restrainer to the developer to prevent chemical fog (a veil of silver deposited 
throughout the entire emulsionj, and nipid deterioration of the solution 



(I) pivs(M'\ alive. All orjtanic (Icvolopnjrnt agents, in an alkali 
state, have a strong ehemieal attraction with oxygen. Therefore, it is necessary 
ti> add a preserva,tive to the developing solution to prevent excessive oxidation. A 
preservative prolongs. the usefulness of the solution and prevents the formation of 
eolov^*d oxidation products which cause stains. 

(5) Hestrainer . Because the reducer and Sr^accelerator oxidize in 
solution, a restrainer is added to slo\v down the deterioration process. 

c. The next step in the development process is the rinse bath , sometimes 
called short stop or stop- bath. When a negative is removed from the developing 
solution, the emulsion is spft and small .amounts of developer remain in the emulsion 
and on its surface. If the developer is not removed, it will continue i ts development 
action and cause stains. To remove surplus developer, the negative or print is 
placed in a rinse bath. There are three general tjpes of rinse baths: vater, acid, 
and hardening. Each has its specific purpose and should l^e used accordingly. 

(1) Water Rinse Bath. As a rinse, water helps to rt^tard continued 
development by removing excess amounts of developer from the film and helps to 
prevent some contamination of the axing solution. However, if it Ls used alone it 
\\\\\ dilute the fixer* In many cases it is not used or it is used in conbination with 
the acid r)ath. The water is first used to rinse the negative and then the acid bath 
is used. 

(2) Acid Bath . /\n acid rinse is more effective than water as it 
neutralizes the chemical action of the developer and also len^r,thens the usefulness 
of the iixer, 

(3) Hardening Rinse Bath . A hardening hath is used only when de- 
/eluunient i^. done m high temperatures gi' under tropical conditions. Under ordinary 
<^r)naitions the hardener m the fixing solution is sufficient and tV.e procedure is not used 

d. The fixing solution is usua\ly the last chemical solution used in 
developing the negative. When film development is completed, the emulsion contains 
a metallic silver image and a residue of unchanged silver hal ides. 

(1) The metallic silver image is that portion of the emulsipn affected 
by eaniera e\posur,e. Subsec|uent chemical treatment- of the latent image by the 
developer compounds l)nngs forth the image. 
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^2) The unchanged silver halides are that portion of the emulsion 
not affected !)v camera exposure. If subjected to exposure by light during de- 
velopment, tho^e unch;inged silver halides immediately react to the exposure, 
decompose, and destroy the image. Therefore, it is necessary to fix the image. 

(3) The prima r> purpose of fi.vation is to convert insoluble silver 
halides into a soluble form. 

•4) The fixer, like the developer, is made up of many different 
ehenileals and eomes either as separate ingredients or in a pre-mixed form, 
rhese ingredients include the fixer, neutrali/.er, preservative, and hardener. 

{5} All fixing baths contain a silver halide solvent, called a fixer 
or fixint; agent. The chemical most widely used for this purpose is sodium 
thiobullate, more commonly called a hypo. Sodium thiosulfate changes the silver 
halidei- to a compound that is soluble in water. Fixation makes unwanted silver 
halides soluble. This con\crsion from solid to liquid continues until all unchanged 
silver halides have been transformed. The two phases of fixation are-- 

(a) The gradual spreading of the thiosulfate into the gelatin of 
the emulsion layer. 

{D The chemical reaction of the chemical with the unchanged 
silver halides, th(^reby producing soluble products. 

(6 J Acid Neutralizer . The pores of an emulsion retain a consider- 
able amount of jJevelope^r, which will continue its activity if allowed to remain. To 
prevent intt raction bety^een the preservative and ihe hardener, acetic acid is added 
tu the iixirg bath. It stops development and prevents staining, while neutralizing 
the alkalinitv of the developer. 

' (7) Prese rvatives . When enough acid is added to the fixing bath to 
neutralize the alkalinity of dny remaining developejr, the hypo is ciecomposed into 
free sulphui'ouh acid. This makes the bath unusable. To prevent decomposition of 
the fi\mg bath, sodium sulfite is added to the solution to serve as a preservative. 
'&;dium 55ullitc combm^es with the. sulphur to form 3 new hypo, prevents discoloration 
ol Uie solution, and aids in the elimination of stains. 

(M) Harde ner. Emulsions becomXsoft and swollen during development, 
and unrfM^ir able effects^ sijch as frilling and scratching, may occur if processing is 
continued vMthoul har<^ening the emulsion. The mo^it common practice Is to include 
d ha-rdejung agent m the fixing bath, so that the/emulsion can be fixed and hardened 
at the same time. T4ie naost common hardening agent is potassium alum. 
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c. Washing the negative involves the last solution to be used, which is 
normally plain water. Wc^hing completes the movement of all unwanted material 
out of the emulsion, disposcs-of hypo and other minute residue so that the negative 
will not be subject to chemical decomposition or staining. 

f. After the negative is washed, it must be dried before printing. Drying 
involves hanging the negative in a location which has a good circulation of warm, 
dry, dust-^'free air. Surplus moisture should be removed from the negative l^efore 
or as it ii hanging. This moisture may cause spots on the film^s surface, these 
spots can be removed by photographic sponges, which must be kept clean of 
chemicals, and dirt, that could damage the negatives. Also available is a wetting 
solution into which the negative can be dipped and which helps to prevent water 
spots. from forming. Drj'ing time for a negative depends on thi^^conj^ition of the air. 

3. EFFECTS OF DEVELOPER AND NEGATIVE DENSITY." To this point, 
control of light has been a key factor in getting a good negative. Now, at the point 
of development, the time of development ajid type of developer become control 
elements in getting a^ood negative. ' 

a. Time of Negative Development . The time of development is usually i 
determined by the type of film and the type of developer used. 

(1) . For normal development, instructions are usually supplied by 
the film manufacturer imd developer manufacturer. A sample type of film instruc- 
tions for development is shoviTl in Figure 1, 

(2) The time. required^, ax' speed, of the develppin^'aption is determined 
by the developer and the type of film. Figure 1 shows that bra»d'^ developer tak.es 
less time than brand D. A similar table, as in. Figure 1, will be inclosed with the 
developer only instead of brand of developer it will be brand or type of film. 

(3) Time has an effect on different parts of the negative. In the 
lesson on exposure it was stated that one should expose the film for the shadow 
area and develop for the highlights. The reason for this is that, in the initial 
phase of fievelopment, the developer affects the density of the shadows and the 
highlights to approximately the same degree. A"* the developing aption continues, ^ . 
however, highlight area of the negative become more dense. Therefore, if exposure 
is made for shadow areas, development time can be shortened, thus compensating 
for overexposing f the highlights. Experience is the best guide here, and it cannot 
be accomplished in extreme Aigh light and shadow subjects (see Figure 2). 
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BRAND NAME 
OF 

PACKAGED 
DEVELOPER 


DEVELOPMENT TIME IN MINUTES 


TANK 




65 F 


68F 


70F 


!^ . . > 
65F 1 68F 70F 


A 


5- 
6 


,5 

8 


4- 

~ 2 

5' 

B 

6 


6 1 51 5 


B 


6t 6 5t 


C 


7 


8 ' 1^ "7 


D 


10 


12 10 8^ 


^ Nprmal development is at 68 F 
/^i?/^ additional information see 
the developer instructions . 
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Figure 1. ^ampU? Film Manufucturcff *s-Develo^er*s Instructions. = 

The T^pejoi' Devclopo)*, There are several tjT^es of developers, and 
each one provides different cjualities of development. In selecting a developer, • 
consider the type of film, the conditions under which it is exposed, and the results 
desired. Accordingly, select a slow worfCing developer for negatives requiring a . 
low or medium degree of tlevclopment, and an active developer to obtain a high 
degree of development. P^or example, surveilhuice photographs taken under poor 
lighting conditions r^equire a yory vigorous developer to bring out as much of the 
image as possible^ while autopsy negatives, for example, usually call for a much 
less active developer. * ^ 

c. Negative Grain and Developers . EXifing development, the silver g;rmns 
have a tendency to group together (cluster). This tendency is lessened when a fine- 
grain developer is used*. A negative of fine-grain is important when enlargements 
are to be made to extreme sizes - ten times original s/ze or more. The tendency of 
clustering also increases as the (le\ eloper temperaturp increases from the normal 
GS^F, I ' 
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Negative Density , Negative density is defined as the degree of 
blackening of a silver d^osit in a filhi emulsion in relation to the light incident 
upon it* The dehsit>- of a negative is determined by the exposure and the develop-* 
ment. A dark negative is a dense negative and a light negative is called a thia 
negative. In Figure 2 the negatives on the far left are thin negatives and the 
negatives on the far right are dense negatives. The type of negative desired in 
investigative photography is one that is normally exposed and normally developed 
(Figure 2). 

e. Figure 2 shows a set of nine negatives which illustrate the effects 
of underexposure, and overexposure, as well as underdevelopment and over- 
development. Reading from left to right, the portions of the illustration show the 
effect of exposure. Reading downward they show the effect of development. 

(1) ra) The center negative will produce the best print, because it 
has received normal exposure and development. 

«b) The three negati\es to the left have been underexposed, and 
the three to the right have been overexposed. 

(c» The top row of negatives has been underdeveloped, and the 
bottom row has been overdeveloped. 

r2) The three underex-posed negatives lack detail in the shadows, and 
an increase in development time does not produce an appreciable increase in shadow 
rWetail. Little can be done to improve the underexposed negative. 

(3; The three normally exposed negatives have good shadow detail. , 
Even though the top underdeveloped negative seems flat and lacks the contrast of 
the center negative, it differs from the flat negatives of the underexposed gruup m . 
shadow detail. The lx)ttom negative, which ha3 lost detail in the highlight areas 
and ha;5 too much contrast, is overdeveloped. 

The three negatives on the right are overexixjsed. .Although the 
tdpynegative is flat and densei detail can be seen over most of the negative. The 
ntrWHy developed and overdeveloped negatives are so dense that almost no details ^ 
arfe^sible. 

<5) Undere.xposure is indicated when the shadows lack detail, and over- 
exposure when the highlights are dense. Underde\ elopment is shown when there ' 
. is good shadow detail, but, the negative is flat. Too much contrast means over- 
development. 
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(0) The developing time, and therefore density, is affected by^he 
temperature of the solution. The normal temperature for development is (58 
Firhcenheit (20° centigrade). If any solutionTS- above 70°F, the film emulsion 
swells excessivelv, becomes soft, and is easily damaged in processing. A 
positive effort should be made to keep all solutions for negatives and prints at 



4 DEVELOPER LIFE As the developer is used, , byproducts from the film 
accumulate and affect the developing solution by slowing it down. The development 
of additional film is retarded. Therefore, to obtain the degree of development pro- 
duced by a fresh solution, the development time may have to be increased or fresh 
developer used and the old developer discarded. Again manufacturers instructions 
contained with the developer will usually indicate how much film a developer can 
work under certain circumstances, e.g. , method of development, age, etc. The 
problem of developer life is only a problem when a ^reat deal of film is being 
processed or when developer is mixed, used, and then stored to be used again over 
a long period of time. 

a Exhaustion of Developer. A developer is exhausted when its developing 
. power has been depleted. With exhaustion, the development time cannot be increased 
to compensate for its inability to develop the film. ^ 

a> One cause of developer exhaustion is oxidation. When air reacts 
with several chen-.icals in a solution, theVp is a loss of developer activity. 

. ,2i Developers also become exhausted when the solution becomes 
contamiDit4©^-v^4|hfiKing solution. 

b Effects^ Exhaustion . UTien a developer becomes exhausted^ there 
,<= a loss of abilitv io^nder-shado\s .detail and an increase in the tendency to stain. 
Loss of shadou detaiL^uy be partiallv offset by increasing developing time. 

,1) in wnk development, (see para 6b(2) and (;c(2),, and especially with 
developers of \o^^ activit%-, a replenisher must be used to Counteract loss of detail. 
Exhaustion is indicated uhen there is a general flattening of contrast and a drop in 
density. 

loss o{ acti\it\- is not usualh encountered in tray development, 
.see para Gb.Janc! .,c.i,^ because the solution is discarded before the effects of 
exhaustion appear. 
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c. Replenisher. A developer is replenished when its developing power 
is almost completely restored by the addition of certain chemicals. 



(1) In the simpiesl method of replenishment, -fresh replenisher 
solution is added to the used developer. When properly used, there is little or 
no increase in developing time. 

(2) In replenishment, it is always necessary to follow the directions 
given on developer containers. The quantity of replenishment solution and the 
changes in developing time varv with the tvpe of developer. 

5. PROCESSING THE NEG.ATIVE. There are two different methods of 
handling film development either by tray or tank. These handling methods will 
vary with the tynpe of film being developed - either ^ or sheet film. 

a. Handling Blm. Film handling is complicated bv the fact that the 
emulsion is sensitive to light. Oice the protective cover, paper, dark slide etc 
is removed fron^the film, it must be protected from light until the fixing process 
IS well under way. The procedures which are to be followed while you are in the 
dark must be worked out in advance to reduce the difhculties of working without 
light. With advance planning, the film can be protected from scratches" abrasion 
marks, and uneven development. During processing, the film emulsion becomes 
swollen and softens as a result of immersion in, and the^ action of, the chemical 
solutions. Special care is necessary to protect them from damage as they are 
transported from one chemical >olution into another, and while the film is subject 
to treatment by a specific solution. Son\e guides to follow are: 

fl) .Anyone ine.vperienced in a p^icular developing procedure should 
practice the procedure prior to working with important negatives. 

<2) nim must be handled carefully at all times. It should be handled 
along film edges keeping fingers off the film's surface. 

(3) Work areas must be kept clean. Areas should be free of dust 
dirt, extra solutions,' and extraneous objects. 

(4) The solutions must be checked for proper temperature and correct 
amounts before going dark. The correct amount oLsSlution should be enough to 
completely cover the negative. > 

(5) All equipment needed for development must be ho^dv and in the 
roper place. ^ * 

0 



b. Processing Sheet Him . Sheet film has a sturdy base and it is less 
tlexible than roll nim. It is one piece of film,' usually cut in the common sizes of 
four by five inches or eight by ten inches. It is used only in professional types of 
cameras. * 

(1) Processing Sheet Film in Tray. To insure good negative 
uniformity in tjie processing of sheet film, proceed as follows: 

> 

(a) Use four trays slightly larger than the film. Arrange the 
solutions in the following orders: 

1. Preliminary water bath, 

I 

2. Developer, 

3. Stop bath, and 

4. Fixing bath. 

(b) Pour at least 1/2 inch of solutionHtrto each tray. 

fc) Bring solutions to the proper temperature. Arrange the 
holders containing the exposed films in a convenient position, turn off the lights, 
and remove films from their holders. 

(d) Guard agijinst dirt and fingerprints, especially when handling 
pancnromatic film ih total darkness.' 

(e) Immerse the exposed films, one at a time, emulsion side up, 
iathe tray qf water. Each film must be completely covered with water before the 
next film is placed over it. \ 

^l) WTien all the films arc in the tray, draw one film carefull\ 
from the bottom and place it on the top. Handle the film onl\ at the extreire edge^, 
and do not let a comer or an edge of any sheet of film dig Into the, filr\ emulsion 
below it. Repeat this replacement from bottom to top until individual film sheets 
hove been leafed through twice. This will prevent films from stickinii toi^ether, 
and will dislodge any^ir bubbles that may have tormed. 

(g) Start the timer, and transfer films eiuicklv, one sheet at a . 
time, from the bottom of the pile into the developer tra\ . Continue rotation of the 
rUms from the bottom' to the top throughout the development period. 
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(h) At the end of the correct developing time, transfer the. 
films, one at a time, to the acid stop. bath. Then, leaf through the pile twice. 
Keep track of the order in which the films were placed in the developer, so they 
can be put into the «top bath in the same order. Failure to do so will result in 
overdevelopni ent of some Alms. 

(i) Transfer the sheets of film, one at a time, to the fixing 
bath. Continue replacement from bottom to top until the negatives are completely 
fixed. ' 

(j) Wash the negatives thoroughly in running water fbr 30 minutes 
by continuing the rotation method or by placing the negatives in developing hangers 
and using a washing tank. 

(k) After the was'hing is completed, swab the negatives carefully 
to remove loose particles or deposits. Then attach a clip to one comer of each 
negative and hang the negatives in a drying cabinet. Excess surface moisture is • 
best removed with a viscose sponge. 

♦ ^ 

(2) Processing Sheet Film in Tank. In a tank, films are much less 
subject to scratching or other mechanical damage, and solutions are less exposed 
to the action of air. Solutions in a tank last longer and can be used for processing a 
greater number of films than solutions in a tray. To process sheet film in a tank, 
proceed as follows: 

\ 

(a) Use at least three tanks— one for the developer, one for the 
acid stop bath, and one for the fixiJig bath. 

lb) Bring the solutions to the correct temperature, and set the 
timer for the appropriate development time. 

(C) Arrange sheet film holders and film developing hangers so 
that they ure easily accessible. Then turn off the light. 



hangers. 



(d) Remove^e films from the holders and load them into the 



(e) Start the timer and lowBr the hangers into the developer. 



(f) Agitate the hangers vertically under the 'solution for about 
5 seconds, striking the tops of the hangers sharply against the top of the tank once 
or t\\-ice to dislodge air bells clinging to the film. 
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(g) Leave the h:mgers undisturbed for 1 minute^ Then, lift them 
clear the solution, drain for 1 or 2 seconds, and replace then> in the solution. 
Repeat this procedure at 1 -minute intervals, alternating the bottom comers from 
which the solution is pex*nntted to drain. 

. (hj At the end of the development time, lilt the hangers from 

the developer, drain them, and transfer them to the stop b£th. Lift and drain the 

hangers several times. in this bath, 
ft 

(i) Transfer the hangers to the fixing tank, and agitate them 
vertically under the surface of the solution for about 30 seconds. Lift and drain 
them at 2-minute intervals until fi.xing is completed. Fixing time is usually twice 
the clearing time of the film. The room lights may be turned on^fter the first 
2 minutes. 



minutes. 



(j) Wash the negatives thoroughly in running water for 30 



(k) Remove the hangers from the wash water. 



(1) Take the film out of the hanger, and swab it carefully to 
remove dirt or any form of deposits. 

(m) Attach a film clip to one comer of the film and hang it in a 
dr\mg cabmet. Klirnmaie excess surface moisture vvith a chamois or viscose sponge. 

c. Proces:?in'4 Roll Film . Unlike -sheet film, roll film is ^eiy flexible 
and of different widths .icd len^rths. The length ol roll film makes it difficult to 
handle. It is ea:^ie5t lo process single rolls of film in \ small tank. In addition, 
results are oetter, ^nd the possibilities of damage are minimized. Small 
lanivs, de^i^ed for smail size roil films. e^^vQ similar to those used for larger size 
roll films. They are constructed so tmu A\ operations, excluding the loading, can 
be carried out in lijiht. 

(1; U^ea small tank with a lii^httight cover, 

.ji Turn OUT darkroom lights and load the film into the reel. 

i.;. Place rhe loaded reel in the tank and replace the lighttight cover. 

. W Turn on darkroom lij^jits and pour in developer. 

i">i Normaily, aijitate the solution bv twistini? or shaking the tank. In 
Some tanks, hov^/ever, tl ii> necessar. lo rotate the reel within the tank. 

-1.' (; t)-l;) 
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(C) At the end of the development time, pour the. developer solution 
from the tank through the appropriate opening. 

(7) Fill the tank with antacid stop bath solution. Do this several 
times to rinse the film. 

(8) After the film has been rinsed,, pour the fixing solution into the 
tank and agitate the film continuously for about 30 seconds. Continue this agitation 
at intervals during the fixing. 

(9y Wash the film by removing the cover and allowing a stream of 
water to run through the tank or by removing the film reel to a washing tank. 

(10) Swab the film under water to remove grit. 

(11) Hang the film and remove water drc^s. 

•G. NEGATIVE PROCESSING PROBLEMS. Photographic films are subject to 
damage before, during, and after processing. At any time during the procedures a 
negative can be made useless. The following are some of the most frequent causes 
of negative problems. 

a. Abrasions. Abrasions are fine lines or streaks that occur when a 
sharp or rough object rubs against the emulsion surface before development. 
Abrasions are also caused by grit or rough spots in the camera, by twisting the 
roll to tighten the film on the spool, or by touching the film before development. 

b. Air Bells. Air bells are small air bubbles that adhere to the film 
surface and prevent the processing solution from acting on the film. Air bells on a 
film during development uiU leave small clear spots; air bells on the film during 
fixing will produce many spots. 

fl) To avoid air bells, immerse the film in the solution slowly, so 
that air buhhles are not carried below the surface of the solution. 

(2) Jo dislodge any air bells that have formed, tap the film hang\ 
or reel ai-.iinst the side or bottom ol' the tank after the film is immersed. 

c. Streaks. Streaks of varying densities are often caused bv uneven 
development. 

(1) If the film is not placed in the developer evenly, development 
will start in some areas before others are even wet. Sharp edges will result from 
this uneven immersion of the film in the developer. 
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(2) Diffuse or indefinite »)oimdaries are usually caused by lack of 
agitation, or by uneven stopping of development by the fixing bath or acid stop bath. 

(3) Under some conditions, strfeaks may be caused by excessive or 
improper agitation. It is always best to follow the agitation procedure recommended 
for the processing method used. ' 

d. Reticulation. Reticulation of the emulsion is a network of lines having 
a grainy, leather-like appearance. This action occurs when film is subjected to 
sudden temperature changes in transferal from one solution to another. 

e. Dust and Dirt . Dust and dirt coming into contact with the soft sticky 
surface of' the film will adhere and become embedded as the film dries. It is then 
impossible to remove it, even by rewashiAgthe film. Avoid this difficulty by diTing 
film in a clean room or cabinet that is supplied with a stream of filtered air. 

f. Drying Marks. Drying marks are usually formed by water drops that 
remain on the film during drying. Such marks may be surrounded by a line of low 
density. 



or hanger to a 
viscose sponge 



(1) Avoid dry marks by first moving the film from t^ 
I dry clip; then remove the surface drops with a moist 



developing clip 
chamois or 



(2) If the developing hanger is used, do not shake it or disturb it after 
the film has started to dry. This shaking action may cause water drops from the 
htnger to fall on the film and cause drying marks. 

g. Fogging . Fogging of photographic material, which results from faulty- 
development or overage film, is the reduction of unexposed silver halides. It causes 

a general lowering of contrast by veiling the shadow areas and borders of the negative. 
Solvent fog occurs when sulfite, ammonia, hypo, -or a combination of these act on an 
emulsion and permit the developing agent to reduce the dissolved silver halides to 
yellow colloidal metallic silver. 

h. Agitation . .Agitation of the truy, tank, or film is necessary to bring 
fresh solution to the emulsion. When developing negatives in a tray, agitate the 
solution constantlv. When developing negatives in a small tank, agitate the solution 
intermittently uit intervals of once a minute, or less). With no agitation, objectionable 
streaks may appear on a negative from the convection currents set up i?y the products 
of development, or the negative may i)e imderdeveloped because of no agitation. 
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7. SOME INFORMATION, 6n PRINTING PAPER. Paper is an ideal support 
for sensitized emulsions, because it reflects light luid is flexible, economical, and 
durable. Most paper emulsions are used to produce positive prints from photo- 
graphic negatives. Printing paper emulsions are particularly thin to increase the 
reflectivity of the fimshed print and to make it extremely flexible. There are three 
types of printing pSpef emulsions: brbmide. chloride, and chlorobromide. The main 
difference among these types is speed and latitude. Surfaces are either matte or 
glossy. 

^' The Chemi str>' of Paper Emulsions. When light strikes the minute 
silver halides embedded in the gelatin layer of a paper emulsion, a physical change 
takes place, creating the latent image. Subsequent chemical development makes 
the invisible. latent image visible. 

^- The Anato my of Photographic Paper. Photographic positive papers 
(Figure 3) are composed of the following layers-, paper base, baryta layer, and 
an emulsion. " ' 

(li Base. The base must be chemically pure to insure that it will 
not interfere with the chemical processes to which the emulsion is subjected. 
AccordingU, the paper base must meet the highest standards with respect to quality 
and purit\'. Paper is available with either a single or double weight base. 

'-^ Baryta Laver . Although paper has a high degree of natural re- ■ 
flectivity, the .qualit)- of a photographic print can be increased if the reflectivitj- is 
increased. This is accomplished by adding, to the paper, a gelatin layer containing 
baryta crystals. " 

fo) Emulsion. The emulsion la\er, which contains minute silver 
halides suspended within a gelatin medium is thin. Printing paper emulsions need 
only reproduce the tonal range of a negative while film emulsions must have the 
capabilitv- of inteipreting brightness, shadows, colors, and related details of a given 
scene or subject. Accordingly, printing paper emulsions are of a much simpler 
structure than fili:. omulbions. 

^' Development Papers. Development papers (photographic printing papers) 
have a gelatin surface that contains light-sensitive silver halides. Following exposure, 
the papers are subjected to a precise chemical development process. 

^1) Chloride Papers. Chloricle" papers, which have a slow speed 
emulsion containing siUer chloHde, are fine grain and produce deep blacks. 
Because of low sensitiv it\- tQ light, they arc used for contact printing. Chloride 
papers are made in dillerent contrasts, ranging from soft (low contrast) to hard 
(high contrast). 

« ■ 
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PAPER BASE 



SARYTA LAYER 



Figure 3. Cross Section of Photographic Printing Paper 

(2) Bromide Papers. Bromide papers, which have a faster emulsion 
speed than chloride papers, achieve sensitivity through the use of silver bromide 
halides They produce blacks that are warmer than those of chloride papers. 
Because of the relatively high sensitivity to light, these emulsions are particularly 
suitable for projection printirig. Papers are available in a great range of contrasts 
to correct inadequacies in negative contrast. 

(3) chlorobromide Papers: Chlorobromide paper emulsions, which 
contain both silver chloride and silver bromide halides, produce pleasing warm 
blacks Emulsion speed lies betv\ een tliat of chloride and bromide papers. Chloro- 
bromide papers are produced in a wide range of contrasts and are used for both 
contact and projection printing. 

d Va riable Contrast Paper . Variable contrast paper combines the com- 
plete scale of contrast ranges in one paper. This versatility is achieved with a 
special chlorobromide emulsion that produces varying contrast responses upon 
exposure to different colored lights. The photographer, instead of usmg different 
grades of paper, places one of a series of colored filters over the projection printer 
Fens to achieve a specific contrast response. Up to ten filters are available to per- 
mit the widest possible- contrast. They range from light yellow, for low contrast, to 
deep blue, for high contrast. 



4-12 ^. G-17 



-ERIC 



162 



e. Types and Contrasts of Photographic Papers Used in the Army. 
Photographic papers used in the military service are designated by type, subtype, 
and contrast. The type (Figure 4) specifiesjf the emulsion is designated for- 
contact or projection printing, and whether the paper is in graded contrasts or 
variable contrast. The subtype (Figure 4) refers to the thickness of the base stock, 
the surface finish, a^d whether or not the base is water resistant. 



Typea of Photographic Papers 


Type 


Description 


I 


Contact, graded contrast 


II 


Projection, graded contrast 


III 


ConUct, variable contrast 


IV 


Projection, variable contrast 


Subtypes of Photographic Papers 


Subtype 


Detciiption 



A 

B 
C 
D 
E 
F 



Single weight, glossy 
Double weight, glossy 
Single weight, semimatte 
Double weight, semimatte 
Single weight,semiglossy, water-resistant base. 
Lightweight, semimatte, flexible. 



ngure 4. Tjpes and Subt\TDes of Photographic Papers. 

8. PRINTLNG.- Printing is the process whereby the negative is used to make 
the positive. In this process light is transmitted through the negative to produce a 
like positive image on light sensitive material/This process is comparable to much 
of u'hat has alread} been discussed. GetieralU , printing mvolves selection of light 
sensitive material, exposure, development, stop bath, fixing, washing, and drying. 

a. Generally, the chemicals involved for processing paper are the same 
as for film. Chemicals are set up from left to right, and all solutions should be at. 
the normal temperature of GS^F. The same problems that occur with film solution 
can occur in developing the positive print, e.g. , developer exhaustion and con- 
tamination. 

b. Handling. Light sensitive paper does not have to be handled as 
carefully as photographic film, but it is important to keep vour hands away from 

*Hhe emulsion side of the paper. ' . ' 



1 \ 

X ^ X. ) 
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(1) Printing is not done in complete darkness since, usually, a 
safelight is used. The safelight may be a red or amber light of no more than ten 
watts. However, a yellow-green safelight designed for photography use is recom- 
m.ended. When determining the correct exposure it is best not to>iew the print 
under safelight conditions as the light is deceptive and, it is diffi/cult to judgt^proper 
exposure. * J 

(2) Printing paper curls slightly toward the emulsion, thus, by 
looking at the edges, the emulsion side may be determined^ 

(3) Make sure that you do not handle the sensitive side of the paper 
too often. The natural oil present on your skin, or the traces of chemical deposits 
that adhere to your skin, can cause spots to appear on the^paper after it has been 
processed. Hands shou^ be clean and dry when handling fresh paper. 

(4) A good basic arrangement of materials would be fresh gaper on 
the left on a clean dry surface, printer or enlarger, timer, developer, tongs, 
stop bath, tongs, fixer, and washing tray on the far right. If tonjgs are not used, 
the left hand should be used for the developer and the right for the fixing solution. 

(5) After the paper is completely submerged in anj one of the ^ 
processing solutions, it should be agitated rapidly to insure complete coverage by 

the processing solution and the removal of air bubbles. 

c. There are two types of printing methods - contact printing and pro- 
jection printing. 

(1) Contact Printing. As its name implies, a contact print is made 
by placing a sheet of photographic paper in direct contact with a negative. Contact 
between the two surfac.es are made negative emulsion to paper emulsion* When ' 
x\hitc light IS directed toward the negative, the negative image controls the amount 
ot light transmitted to the paper. The dense areas of the negative ijar the passage of 
light, while the clear, or low density, areas permit light to pass freely. The image 
formed on the sen&itized coatm^ of the paper is, therefore, a rexerse of the negati\e. 

\ En «^alit\» this miU^eb il a pobiii\e ihat J^tpproximale> the inie black-and-white 

relationships of the suojeet, 

(a) Printing Frames . A prinlmg tranie is a simple device. It 
lookb much like a picture frame with fitted clear j;lass Iront andM wooden or plastic 
back. The back is usuallv padtled with felt and held in place i)\ spnng-chuv.ps or 
a screw tlevice which also p\-e\'ents an\ paper or tilm "moN ement. To road\ the 
frame, it is turned so that the back is up, iacini; the indnnlual. The film is then place 
on top of the clean glass, emulsion bide ap, aniPthe i>aper is next emulsion lown,^ the 
back is put in place and the entire^ tramc turned oxer. It is then reach lor exposure. 



Kh\ Contac t Pnntei\or Printing Don, Figure 5 > A printer is 
^i5r)>!r jind <-fticM.^nt. U ;\t*tu.ilh -^f IkV^ a pintc dass across the top. A 
hini^ed cov^er cLimpa. dpwn o\c^r the si'-'A^M^^ hold> t-hc negative and paper in tight, 
'uniform e<SRl.iO-f. A>.thi> InmxoU fover^Is pressed into position^ a W^i or set of 
U!^ht6 in&Klo the lx)\ is autoin.uicalh ^^uitchetf on to provide the exposure light. The 
lights ure s\\itched ->i\ when the pressure, cove^r or plate is lifted. Inside the printer 
is a lovv-pover rub\ lamp that rema^n^ hj^htod throughout prihting operations. This 
lamp will aid vou in positiooing ;Ha<Lradgin«: '^he negtitive, 




H\tiOEO COVER 



^PUATE GLASS 



Figure 
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(•>) Projection Printing (Enlarging). Enlarging, as it is commonly 
called* IS quite different from contact printing. In enlarging, the negative image 
i.&projected onto a photographic paper, such as a color slide is projected on a 
screen. The equifPiijent used in enlarging all foUo\ss similar principles used in 
uorkiiig vvith 3 camera. The image is brought infex focus on a sheet of paper (no 
focusing can be accomplished m contact printing) w^iich is anywhere from a fevt 
inches to several feet from t^ enlarging lens. In general, projection printing is 
^^i<li^Ktly]elastic, adaptable and versatile process in v^hich great skill and control 
canjbe exercised. The many different tj^pes and models of projection printing 
equipment have five basic characteristics m common. All of them have alight 
source, a negative holder, a lens, a bellows, and a paper board or easel. Any 
enlarger is, essentiall>, a camera in reverse, bectiuse it projects rather thanfv 
receives the image. 



LAMP HOUSING 



CONDENSER 
NEGATIVE 

FOCUSING KNOB 
PROJECTOR LENS 




LAMP HOU S I** €, 
CONOehSER 8 LENS 
ARE ACh^USTAdLE AtONS 
THIS SUPPORT »*iG OOST 



n^irc »). Enlarger. 



9, ■ PRINT QUALITY. An important factfjr in print qualitj' is having a 
good negative to begin with. If the negatne is poor little mav he done in printing 
to improve it. With a good negative, j aooci jjrint is the n;sult of proper print 
exposure, full development, cor^^et t solutions and solution temperatures, and 
the right grade of paper. 

10. PRINT EXPOSURE. The processing of a print begins uith e^osure 
of the paper and then into development follows ing similar procedures as in film - 
development. ' ' 

a. Proper Exposure . The proper exposure in printing is much the 
same as with film, and involves control of light. With the ^contact printer, ex- 
posure is controlled by a timer and the number of lights in the printer. Pro- 
jection printers control light by time and by aperture setting of the lens. 

b. To ap^ive at the correct exposure test strips are a good method, 
U you are contact printing a four by five negative, the printing paper selected is 

* cut into small strips, e. g. , one inch by four inches. Several strips are then 
e.^osed at different times, (e. g. , three, five, seven, and nine seconds). These 
strips are then placed in the developer for the full development time, usually one 
and a half to t^v■o minutes. .After the strips have been fixed for about two minutes, 
they are brought out into normal light and checked for correct exposure. If 
none of the exposures are correct, adjustments in the exposure time can be 
made from the best of the strips. ^ 

c. The strip method can also be xised m projection printing. A 
starting point for lens aperture can be f/S. .-\gain several stjips are cut from 
an eight by ten sheet of paper iS, 10, or 12 stripsi. A starting exposure is then 
decided, say five seconds. Five-six-ths of the printing paper is covered with a 
piece of cardboard, the enlarger is turned on and tbe cardboard moved down the 
strip exposing one-sixth of the test strip each time at five second intervals. The 
test strip would then have six different test sections ranging from five seconds 

to thirn- seconds. Again, after fixing the test strip it is tiiken into normal light, • 
studied, and the necessarj- adjustments made tor the proper exposure. 

d. When test strips are used, the\trip shquld be made to cover the 
widest range of contrasts in the negative. | 

e. .Adjustment should be made in <(xposure time not in the time the 
strip is developed. Development time shouW rem.iin constant throughout the 
testing and the final print. 



J 
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11, PROCESSING THE PRINT, Both contact printing and projection printing 
are procebsed the samt? once the exposure is made. Projection printing is the 
m|>st common t.vpe of printings and therefore it will be discussed here. 

a. The work area is se^ up as described in paragraph 8b(4). Temperatures 
. .ire checked to in*?ure all solutions are at G?i°F. The area, enlarger, and negative 

"lire checked for cleanliness. 

b. The negative is placed m the enlarger with emulsion side down. The 
eniar j;er is now set for focusing- With onl> the safelight on, the enlarger's lens is 
^e: s^n its maxmium aperture and the projection lamp turned on. The enlarger head 
is aJ.a.sted r^o that the desirable image size Is obtained on the easels and the lens is 
then focused on a v^hite sheet of paper ahe paper is an aid to focusing). Once focused , 
the aperture is shut down to a recommenced aperture of f- The. enlarger is then 
:uraed off and printing paper, emulsion side up, is placed in the easel. Test exposures 

^'"^Tre then made. 

t, 

c. .After exposure, the print is slipped into the developer, emulsion side 
up. Make oure that the entire print is immersed at once and.liimt no air bubbles- 
thng to :he surtace. Agitate the paper as development gets under way and watch the 
appearance ^f the image. A normal print should develop gradually-shadows first, 
then naif tones » and finally highlights. Development should be for the full recom- 

"Trended development time. After tull development the prmt is moved to the stop 
bath and then to the fixer. The size .ind weight of the printing paper governs this 
procedure. 

^i. Pnnis are now washes m clear water .ic <>^^F. There are <e\eral 
vvavs to \* ash the^pnnt* 

\\i Washmg m Tra\s. There are three n^ctliods used to '^a<h negatnes 
and prints m tra\i, . . 

-% * 

»a» In the skimpiest n:cth.^ii, prints .x'O^ p^act^i m a rra\' of water and 

^:hc-y^ uer is cnan5je<t t \er\ *> minutes. This ohanama ->t \^ater"i< repeated at leas: 

^iN-yrMes. 

\h, in the second ir.eth'-^d. a continuous sircam^oi water runs into 
\ \k: \\\\^ \ iv \ \w\ni\\ \\\y^ v>J »i)'nnnmes, 

'C» In the third n-icthv^d, a *!c\icc is attached to the cdae >t tl]e tra\ 
* : • -i|>hvn vvaier ii ir the irott.)ni A the while trcsh Aater enters ^>n l»>p. This 
.t'. t!^n c ommutes l.a* a irunimura tunrjle:>. 
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(ch^ RcHiardlcss ol the method used, alwavs separate the prints to 
inr-ure that fjesh water will reach all areas. Note that single-w eight paper should be 
washed a rainmunn .>h mmutes and doub!e-u eight paper a minimum of 1 hour. 

(J> Washing In Tanks. Negatives that have been processed in a tank 
can also be *\ashe«l-in the same or a siDiilar lanJ^./ Fresh waler is directed into the 
lank, and the negatives arc suspended in tlie tanl; b\ meLil or plastic frames. 

e. Dn ing ot Prints. The metho*! used in the dn"ing ol prints depends upon 
the t\pe ol paper used, the urgenc\ of the ;.>b, and the use fer which the prints are 
intcnde<!. 

f 

A\ Matte and semimatte surfaced papers are placed face down on 
cheesecjcih stretchers alter the surface n^oisture has been squeegeed or blotted out. 
N\ rmalh^ the prints should dn within the hour. ^ 

\1\ In a second s\stem, the prints are placed between strips of blotting 
paper and cardboards. The blotting paper .tnd cardboards are then rolled together 
n^htlv with print emulsions facing outward, :o minimize curling. This is a slower 
procedure, bur it reverses the natural tencienc\ of drv prints to curl. 



ERLC 



4-12 I; t|r-i4' 



ICJ 



KXKRCISKS 

Rrgl IRK.MI NT. The l*>ilouin»; rxcrciscsTre multiple cfioice. 'ITierc are four 
/iliernali\es iw'e.\eh oxerri.-^e. Vou are to select the one alternative that is correet 
and indicate your choice by circling the correct response directly on tjie 
exercise booklet. 



1. The eorrecl order for the steps in development ot nej^ativcs is 
a. liNinu^, «U \ elopnu^ni, washm.;, rinse, vin<i «irMn»4. 



\ 

(levy-l >i)n A-ni, 



w^hinu, ruK^ifHI, fixing, drxii-jg. 



^ewlopiVient, rinsinji, h\mi^, \n Ishin^ and dn ing. 



d. de\clopmcnt, ti\inu, Aashinii. rinsin*;, drying. ^ 

J. The iniiredient v. Inch preXents ehcnneal log and rapid, deterioration of the 
developing soluti>>n i^ called .v/an 

J. Restrainer. 

b. S'l'vtnt. 

c- Reducer. 

d. \c relcral^^r. 



The ihree vr^t^ s a rin^e h^ihs are 
1. .jcid. and .->oUt-niim. 

\k "aur, ..Ikaiinc, vtnd .u-id. 
' . iCi'L d! .'In»e. .vnd ch'- \ u d. 
M. aU :< ind inr'a Jlinu. 



) 
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Water, when used alone as a rin^e, 
' a. cause fogging. 

h, leave streaks. ^ 

c. dilute the fixer. 

d. lengthen the usefulness of the fi^cer. 

3. The che^ucai most widely used as a fix-mg agent is 
a. sodium biosulfate. 
h. sodium thiosulfate. 

c. ammonium biosulfate. 

d. ammonium thiosulfate. 

6. The most common hardening agent is 

a. ammonium alum. 

b. sodium alum. 

c. calcium alum. 

d. potassium alum. 



7. Using the sample lilm manufacturers development instructions (Figure 
what would be the development tin^e in a tray, of brand C at Co^f? 

a. r,-l/2. 



c. 7-1/2. 

d. S. 
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H. The degree of blackening of a silver deposit in a film emulsion in relation 
to the light incident upon it is known as 



- a, — negative -density. _ _ 

b. silver Halide diffusion. 

c. incident blackening. 

d. grain dispersion. J 

9. In Figure 2, the center negative on the right side has been 

a. underexposedAmderdeveloped, 

b. overexposed/'normally developed. 

c. normally e.Kposed/normally developed, 

d . ove rexposed / ov e rdev eloped . 

10. Normal development temperature is 

a. 78° F. 

b. 75° F. ■ . * 

c. G8°F. 



d. <;5°F. 



11. When processlnJ^ sheet tilms, negatives should be washed in rvinnina uater 
for appro.sLmatel\ / 

a. :>0 nunutos. 

1). lii minutes. 

e. y'i "minutes. 

^ <\. .■'.() seconds. 
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12. In processing sheet film in a tank, three tanks are needed for 
- — the^relop.er^ the .grescrv ntu-e, and the fixing bath, 

b. the developer, the acid stop bath, and fixing bath, 

c. the developer, the acid stop bath, the hardeher. 

d. the water bath, the acid stop bath, the fixing bath. 



lo- Small air bubbles that adhere to the film surface and prevent the processing 
solution from acting on the fihii are called 

a. reticulation. 

b. - air "bells. _ , 

c. drying spots. 

d. clusters. 

14. Reticulation is caused by/when 

a. dirt and dust adhering to the film's surface. 

b. air bubbles are not dislodged. 

c. film is not placed in the developer evenly. 

d» sudden temperature changes in transferal from solution to solution. 

15. The three t}pes of printing paper emulsions are 

a. bromide, chloride, and chlorobromide. 

b. baloid, chloride, and sulfide. 

c. chloride, sulfide, arid chlorobaliod. 

d. chloride, chlorosulfide, bromide. 

J- . O 
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IG, The process whereby a negative is used to make a positive is known as 
a. variable contrast. 



b. negative emulsion* 



c. printing. 

d. developing. 



17. Printing is not done 

a. on variable contrast papers. 

b. at temperatures over 65^F. 

rin total darloiess. 
d. without a bar>'ta emulsion. 

16. The recommended s^ifelight, when printing, is 

a. blue-^vhite. 

b. mfrared. _ 
violet. 

d. \ello\\ -green. 

10. • All of the toUowing are items of equipment used in projection printing 
•except a - ' 

a. light source. ' q 

b. i^labh pUvtc. 
(^ bell<»us. 

d. neuntive holder. 
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20.. Projection printers control UkHI Ia time :m({ l)\ 

:i. aperture setting ol the lens. 

b. colored filter^>. 
-j:L.___emul^jorvs^^ 

d. the t\pe of contact paper. 

21. Test strips should be made to cover the widest range of 

a. colors. 

b. emulsions, 
papers/ 

d.v , contrast^. 

<^ * « » 

u 

22. When using test strips, development time should 

a. be lengthened for each strip. 

b. double* 

c. remain constant. ^ 

d. be shortened. 

23. In projection printing, negatives are ^ 

a. not needed. 

b. placed in the enlarger emulsion side down. 

c. at least three feet from the printing paper. 

d. placed in the enlarger emulsion side up. 

% 
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The rccomniondcd aperture for projection printing is 

a. f2.8. . , 

b. ' f4. ' ^ ■ 

c. f8. 

d. 'tis. 

A normal print would ilevelop in which of the following manners 

a. Shadows first, then haif tones, and finally highlights. 

b. Highlights first, then half tones, and finallv shadows. 

c. Reds first,' then blues, and finally yellows. 

d. Prints do not develop. " 
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MODIFICATIONS 



of this publication has (have) been deleted in 



«ndaptinR this material for inclusion in the "T^rial Implementation of a 



Model System tg yro/ide Military CurlricuIum~Material~s- far^^Use 
;uk1 Ttehnical tiduoation." Delet^ material invblves extensive use of 
militciry forms, proc^ures, systems, etc. ^nd wa^^ot ^considered appropriate 
Tor use in vocational aim technical education. 
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SU DCOll RSE' NO. 4-12-1 

lp:sson h 
credit hours 
text assignment 
materials required 
lesson objectives 



SUGGESTIONS 



Investigative Photography. 

Copy and Small C^ject Photography. 



Attached^ Memorandum* 
None. 

To familiarize you, the student, . , 
with the knowledge and techniques ^ 
of Copyings small-object photography, 
fingerprints, ajil docui^eijit 
jphb.tography, so that you may utilize ' 
them in investigative photography. 

None. 



ATTACHED MEMORANDUM 

This attached memorandum includes information extracted from resident 
iristructional material of the United States Army Military Police School,' TM 11-461-1, 
and TM 11-401-11. In case of conflict between the attached* memorandum and other 
pul>lications, the material contained in the attached memorandum will apply to this 
lesson assiOTment. 



[■ \. ' INTRODUCTION. As to investigator, -utilizing photography in yauf \vovkl 
\ou will find that a knowledge of copying techniques, will be ver>' useful, and in 
man\ eases necessarv, in preparing photographic evidence* The same holds true 
with the other topics this lesson will deal with. In all probability} you will frequently 
run intv> small objects of evidence which must be photographed, and you must knou 
how to properly .handle them* Fingerprints and documents may be of Extreme, imr 
portance m a case, and this lesson is designcy^ to give you the most itnportant arid'^ 
useful c^lements of knowledge to utilize when le^ling with themAThis lesson, by no 
iucMns, contains all the loiowled^e that has. been collected on these subjects, however,' 
il should ^ive vou a good grounding in the fundamentals and enable you to use them 
in \our work. . . 
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' f " ■ _ '-Copying. Investisfntors tqday are finding that a knowledge of copying 
- X techniques, as well as a knoVl'edge of gono.ral photography, Ls^aiuable in their 

■ work. PJ^ographic copying provide? accurate r^productionof photographic 
.'. . .P'*^"^s^^a>vings, sketches,, ra.'uiuscript^j. tvped and printed materiaCft and 
■ simij<fr objects. Most cameras can be used in copying; and those with ground 
, . glass focusing and double extension bellows are ideal for this work. There 
are several general rifles that must be followed, and a little more care must 
r , . ^® ^^^^ e.xi^osiffe, but with a little practice,'' copying can be easily accomplished. 

•". ■ ^ ■ a- there are a number of terms unique to copying that you should be 
" familiar with before continuing the lesson. 

• ' ii To Copy . To reproduce photographically, subjects such as 

V drawings, printings, photographs, letters or book pages. « 

, • - ' (2) 'Original. The material to be copied. 

' (3) Line Original . Macerial which contains only two tones, dark 

'znd light. Usually print-ed matter, such as this page. 

♦ - . ' ' ♦ 

- , Continuous -Tone Originals . Material which contains maiiy 

shades' of gray or colpr between the. lightest and darkest tones, s^ich as Fi^re 4. 

• - - - 1: ' C 

. (iJ) Beproducjtion . The 'photograph obtained by copying. 




It ^^'^ Reflex Copying , .^^niean:: of reproducing, wifnout a c&nera, 

line\0ngi^'als or.con^nuous-tone ongfnals, if poor quality is acceptable, by , 
\, . direct cdaiact w-uh sensitized paper, . 

fa;- Equipments 

. : \ ^ ' (i) A -camera is necessVy for copy work^ If possible,, the copy 
^ . -caikera^ shouldifae abie to "utilize a large film size (4x5, 8 x If )V be able to focus 
\ very cio^e to the original, and be rigidly mo.unted. .iL^L^viev^v studio cara^a, 
1^ available, it sho.uld be givi?n preference ov«r other types for geheral copy%ork. 
. However, wbe.n necessary, other types of cameras {i.e. , 35mm) may be used with 
attac^ents such as extension tubes {hollow tubes which, when placed bet;u'een the 
ien^ ^ camera body, allow closer than normal {ihotographs to be taken). Ground 
giass.^focusing and ^ iong>6ellows extension are desirable. 

- : , . ¥ 



♦ 
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* \l\ Li'n> . The lens you use should be .uia.stignTntic (n corrected 

Ions that >harpl\ ^ocu^c^ both Jio»-i^onri.U and vertical ll^e^ ^iniulKintou^lx j and 
of medium speed.. The focal len^rth should be longer than the diagonal of t.he film 
to allow' lor a good workinj^ Ui&tancc and'^^reater definition in the corners of the 
negative. To achieve fine^ detail you should use a small aperture. 




Filters . Vou cao'either increase or dycrc-ase the contrast in a 
copy of multi-colored original by filtering. With line com it is usuall\ desii^ble 
to hase OS niueh separation of the tones as possibte; in ojiier words, a ver\ sharp 
contrast, cm the other hand, you m^y want to reduce ffie contrast in line cop\ in 
order to filter out unu anted ^niarks that[mav appear in the original. .Also, you can 
eliminate stamen b\ filtering and can make lettering more readable b\ making the 
letter either lighter or darker than the background. 

^ * (a) The general rules for adjusting contrast <5f a multi-colored 

original are as follows. To lighten an area, use a filter of the same color. To 
darken an area, use a filter of th^ complementar\ color (see L^esson 5 for further 
information on filters). To ehmyiate stains, use a filter of the same color as the 
n, but slightly darkei;. 



(b; Filters ^^jfcso^^ light, thus the brsic exposure must be 
mcreas.ed to compensate for thisSist^^-lqss. (An exception to this rule is single- 
len^ reflex cameras^} The manufacturer^^ filter factor ratings indicate the number 
of times the exposure must be. increased to compensate for light loss' due to the 
use of a filler. 



Fiirr.. 



The proper iiim choice uvll/ud the filters' uorK and ma\ 
ehmmace the 6eed for a filter. Different t\pe:? of film are used for line and con- 
tiiiuous-toae cop\ / Hi;;h contrast film, along wath high contrast developer, is used 
to get rR.a.\imum §eparatrpn of the tones in line^op\. Generally, use monochromatic 
pVocess film to copy black and white line copy, and use process pan and process 
'o^tho films Tor ^colored line copy originals* L'^e commercial film to produce 
^,hades of gra\ m continuous -tone copv. Do not interchange -the two groups of film. 

\:>r Scale . The copy may be smaller, the same size, or larger than 
the original de[>ending on the reasons for cop\ing. Scale is expressed as a ratio of 
one aimehsion oi the original to the same dimension of the copy. .A scale of 3:1. 
means the origmaf l^^ three tinies largeiythan the cpp\ , a ratio o*^l:i says the 
original and cop\ are the same size, and a scale of \\i means the original is 
smaller than the vopv^y one-half. .An S x ID origillai copied to a scale of 2:1^. 
produces a cop\ pnnt'that is 4 x 5. 



\ 
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{(\) Copy SUmds and Mounting . Cop\ stands generally consist of a 
moUil post, a wood baseboard, ami an arm tu support a camera parallel' to the base. 
Sofm ->tantis are equipped '.Mtb jdiustablc lights for illuminating subject originals. 
Mount the original on a cum board or easel parallel to the film plane, centered with 
the (4)tical .i\is of the len^, Upside doun and flat. The original must be paraliel^^ 
v\ith the film to prevent di.sta tion due, tu perspt»etive {ke>stoning). The original 
IS upside do\\n to aid in focusing, and should be flat to prevent distortion and 
$hado\KS caus(^b\ bumps and wrinkles. 

il) ^ Li^htin;;. NaUiral lighting (the sun or house lamps) are poor 
for c i>p\ uork beeavse of ,i lack of unifornut_\ . * If \ou have to copy outdoors find 
an open shad\ area to work m. When usfrt^ natural tight tr\ to place the original 

that It geti^ light from i>>th sides, or use reflectors so the original is illuminated 
as unit^^rn^h as possible. For indoor cop\ work, use two photoQood lafhp^in 
refleeiors ^n i>oth sides 4 the camera. Place the lights so there is a 45 degree angle 
bei\\ten the light and the eri^^inal ,md between the light and the camera tsee Fig. 1). 



V 




SUBJECT . LENS ^^X\S 




Figure 1. 45 Degree ^Flat) Lighting 



For originals uUh a t4?xtured surface, reduce the angle. Eliminate bright light' 
reflections ihut c^potsj In moving the lights or the reQ^cting surfaces, polarizing 
the light, or using i>hiclds, 

^ Techniques for Making the Copy. 

^ (li Novv that all the equipment and materials are in place, focus the 
camera by observing the image on the ground glass viewing \cre^Qj^ Also look for 
possible defects such as hot spots, or distortion. Next, determine the_exposure. 

(2) Obtaining correct exposure. > 

iaj Hxposure is best determined by developing a trial film which 
nas been exposed i 4, 1 J, 1, 2, and 4 times the estimated "^^osure. If time does 
UiA perm.it \ou to make and develop a trial negative, then make three separate 
exposures. One exposure should be the estimated correct e.xposure, one three 
stops undere.xposed, and one three stops overexposed. One of the three should 
produce a good cop\ . When a photoelectric e.xposure meter is used for determining^ 
cLp\ exposures, the ir.ost consistent results are obtained by measuring the illumination 
on the original, either directlv with an incident light meter, or indirectly with a 
reflection t\pe r.'icter. 

V 

<bi When the original to- lens distance is less than 10 times 
the local length a the lens, as it is most of the time in copy photography, you must 
muUiplv iincreasci the basic exposure b\ the bellows extension factor ("MF; multr^lyi 
factor?. One method of calculating the bellows extension factor is to measure the 
bellows extonsi-jn iBE), jdistance from lens to focal planei, and divide by the focal 
length (FL; of the lens and scjuare the results. This is stated as the formula 

BE 2 




MF FL 




t ■•> ) 



M F 4 

!"hc i;asic c.\i)osuro must he increased four timos. 



KM The lollowins simple chart ma\ be used to ounipensaLe 
for bellows, extension li<:ht loss with a known MP \alue» or to cqiiipcnsau? for 
light loss due to the use.of filters, when the lilter factor is known, ft should be 
m^i^orized and remembered for use with all small object and copy photography. 

MFor Filter Factor .. 2 4'^8 16 32 64 
F Stop Compensation 1 2 3 4 5 6 * 

d. Summary oX General Techhiques : 

(1» Select the c.iivcra and lens. ' 

<2) Select the filter and film. 

iii) Mount the original flat and parallel tw the film plane. 
, (4) ' Adiust the lights for uniform illumimition of the original, 
io\ Focus the camera. 

(6) Determine the basic exposure and multiph ii bv the filter 
factor and bellows extension factor. 

u) Process the film and make prints. 

Restrictions on Copying . It is unlawful to reproduce cop\ righted 
material without the w fatten permission of the copyright owner. Anv such material 
that IS authorized foT reproduction must haxe a copyright notice included on the 
reproduction. 

(1) Federal law prohibits the c6pying of U.S. and foreign goyem- 
ment obligations such as c^vrfcncy, bonds, notes or theiike. .\lsp included are 
canceled and uncanc^t^ US stamps. go\emment departmental identification 
cards, ba4}ges or insignia; militarv or naval documents marked secret, confidential, 
or restricted; certificates''l>f citizenship, naturalization or arrival, etc. 

(2) this is onh a brief *summar\ of existing photographic restrictions. 
Leg-al ad\ice should be obtained before reprtxiucing an\ ot the al)ove mentioned or 
sjm.ilar materials. 
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3. SMALL OBJECTS PHOTOGRAPHY. Inve^stigative photography can be 
it\ itUni mil* throi' ».';^ti^uones. Cnnu^ mhmic i)hi)l<>^raplu , tK)cumonl pholo^raphv, 
.uui sumII obioct photot;rapln . on the rirruinslances of a particular 

iin c>ti^ation, an\ one oi the three be of importance in preserving or 
proenting e\uience, but the one that is most challenging is small objects 
jh t.>i:»Mph\ . The small iienis e\idence collected during .\n investigation <e.g, 
omareite ^Aiits, etc. \ are usualK important m establishing <:he elements of proof 
m an oifense. fhe\ present some problems, because of their size, which the 
proper utilization of photographic techniques con easih overcome. WTien the actual 
s^ubiects are not available tor court use, photographs can take their place. Small 
details can be magnified and fragile evidence can l^e preserved. In addition, photo- 
graphic evidence i^reath aids reviewing authorities in reaching fair and just 
decisions, whicn raust be based on documentation. 

a. ^ For our purposes, an object can l)e considered small if it is less 
than -4 inches in its longest dimension. In addition to appearing in the crime scene 
series of photographs establishing their location, all smail, portable items of 
evidence should be taken to the laboratory \\here the\ can be photographed under the 
most favorable circumstances. Close-up photographs of perishable items, such as 
footj:)rints, and evidence that \ull oxidize and changQ color, such as bloodstains, 
.v.ust be made as ^ov.■n as possible at the scene oi the crime* Some objects may 
require more than j>ne photograph in ord.er to show trace evidence on all surfaces. 
A /aler shouUi ije included in the. photograph to indicate the dimensions of the object 
in juostion. 

Laghiing Fiiects^-tnci How u> 0^)uun Them. D\ the proper placement oi 
.ua;.-. :at i;n :)togr.ipher can create and tontrol shadows and highli<Ahts >n his subje(;t,* 
avi ^ -pnjM/e or subdue poi'ii .ns or leaiures ol the subject. There are two general 
t'pe> Ji iuntins^ equipmeni. ll^^dlmhts md spotlights. 

♦ li Flv>o^i!ights, as tneir name im.piies, llood tl;e subject with a broad, ^ 
• er. \\^r,. T!'»e- ire u>(.<i t^^ c^labiibh the i!lup.un.iti )n le\el, and the^Acrail lighting 

. t-'iC ^-isicfi. Lis^ht is cnti'wilcf* f)\ ihv ui?e of *i>arn doors" (panels placed to the 
^iuc a*ihc i^nt' ,Lnd 'liliuM^n -cceea^, tFigure 2». 
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F'ii^iire 1, riuoiili<;lu Set 



(2) S|>ot!ii;hts ctre used to create hit;hh^hts an<! ^haclo\\s, and lo . 
>eparutf the siibjecl and bncki* roiind. They <;ive a rather harsli. <trong light, and 
create shall-) 'ed.2:ed shadows. (Fi£;ure 3. ) 





Figure 3- Spotlight Types, 
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'{ W) Reilector*^ are aLso used in liRhtins. They provide studio 
phoioj;raph\ with thi' cciuivalcnt to bounce light in photoHash. Reflectors provide 
a soft, weak light, tuid are used almost exclusively for full light. 



To photograph small objects, the main light is most often a 



-<nothi;ht,* with lUxKlhghts used for /fills. 



I . Pholournphmg Rectangular Objects . There are three steps in 
iuhimii a rcaajvj.ula»' subject (see Figures 4 and 5). 

( \ \ The fir^t i> to place the mam light. It should be behind and to 
ihv suit- ot the -ubiccl, .Old the light should strike its surface at an angle^of aBout 
4U to (iu uegrev>. This mam light illuminates the top of the subject and provides 
i dce{), (lominimt -hadow. In almost every ini=t;uice this light will be a spotlight. 

\1\ The second step is to place a fill light on the same side as the 
?v:un liirht. This light is to lighteivthe shadow on that side of the subject. It 
should be table height so it does not cast, a second shadow. 

The final step is the addition of a third light, aiso at table height, 
\u hgnten the -h-jdou detail in front of the subject. The fill lights should be 1/3 to 
I t ^s bnght as the mam light, to give a lighting ratio of 3 or 4 to -l. 






Mep 1 
M.un I mht 



Step 2 
Mde Light 



^ Step 3 
Front Fill 



Fmure ». L ight Control. 
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Figure 5. 3- Light Set-Up for Rectangular Subjects 

d. Photographing Spherical Objects ^e Figures o and 7* . Basic 
lighting for a spherical object utilizes four lights. Thrce;SpotUghts give the object 
roundness, and a weak floodlight Is used as a fill. 

tl) The rr.ain light is placed high to u^rear and/left oi theNSubiect, 
at an ane:le of about 60 degrees. Thit' illupiinaces the top and Ief\ portion of^ie 
subject. 

^2) rhe second spot is placed to the nght rear.ol the subject at taijle 
height. This Illuminates the right side and a portion 'of the bottom of the subject. 

V , ''^ 

i3» The third spot is placed low ami to the left rear of the subject, - 
It illuminates tho bottom left side, and gives d highlight in th-e^trerr il'it:uminatetl In 
the mam light. This gives the subjegt the appeanuiCfS-^f roundness. 

t\) The floodlight is pictced in tront; near. the camera," to soften the 
shadow on the front of the subioct. 
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, ^- Photographing S-hinv Objects. One of the problems involved in small 
object photography is the elimination of undesirable reflection when Dhotographirg 
ob.ect uith a highly-polished surface. This is often solved by the use of a tent 
The .SHfcject is placed on a suitable stand which is covered with a material contrasting 
in color to the object. It is surrounded by n four-sided screen that has neither top 
nor botWm. and made, generally, of white paper. The lights are arranged outside 
the tent. The light reaching 'the subject is softly diffu'sed, and reflections are 
chmmatea. The highlights are subdued, and shadows .oTtened. Normally a flo-d- - 
light ib ust'd. Exposure is ni.ide through a =mall ho:-.- -.t in the screen. 



Preservaaon o: Lns-jr. rhe texture of , n object is olttr o' =r>-p.^^an^. 
r- .r,. aon. Rough le.Mures, sucn .,5 sanapaper or coarse materr.ais, car. he 
c.. pha...e,i by ,dding a spotlight, toward to one side. Th.s is usually in addition to 
tne n.r.v,.l .ightmg arrangement. The closer the texture light is to being parallel to 
tne sur..,ce of the object>^he more the texture is emphasized. Smooth surface 

~ '"'^ enhanced bv adding highlights along the edges of the object, and on any 



ob vets 

separate planes o'" the obiect. 



■i. The Camera, [f possible, vou should select a large format (press or 
;.tiK.io» M.H^camera. using a i.rae size filri-i f4 x o, 3 x 10;. The ca:2:era should nave 
4r and -!...\ focusing a long a.-ustable behov-'s extension, and be ngidtVr-ounted 
i i-jnt and K.ibk tocusing is also desirable. 

■■• / ' 

The Technique of Small Objects Photography . 

(fi^ Select a suitable camera, haying all th^ extra adiustments that 
■u-v to c:.p\ !!.os: small obiccts. 




r2) Select the film to be used. Most panchromatic and color films are 
V good ex-posure meter, \mU also be a great aid m arriving at the basic 



(-J. Position the camera. Perspective is \erv important, as it can 
uestrov tne uhoie sense of reality and be very nnsleading. Too high camera angle 
may cause a -Keys toning ' effect. Observe your subiect yer^ carefully in the ground 



(4) Lighting can' greatly influence the final result \ full r-^n'^e of • 
tones and distinct separation ot the pUm^e.s is essential. TKe set should be iUuminatad 
•^v t-'^riv .l.,t lighting to eliminate havdMado^vs, i,ut not so flat as to -kill- the shape^ 
of the subject Some side lighting^ay be required to give form and shape to the 
object. In other uords, the lighting .should be controlled td produce dark or li-ht 



.it'tMr. :i.s rc'i|uirfd. In order to obtain maximum depth of field, a smail aperture 
-hould bi- used. T\w proper use of light is the key to making effective photographs 
of t^mall objects. It creates shadows, highlights, mood, and shows the shape, 
texture, and color of the object in question. 

^ (S) Focus the camera very carefullv. Working very close to the 
subject ^requires critical focusing. When photographing at near or same size, 
focusmji cannot be ckni^by nu)vin<4 the camera lens. The camera back, the whole 
cjmera. or the subiect must be moved, 
« 

(6) Determine the baMc exposure and multiply it by the b''ellovvs 
L-xtension factor and ihe filter factor, it one is to he utilized. Developing a trial 
negative, il time permits, is the be3t method of obtaining correct exposure. 

4. PFIOTOGRAPHIXG FINGERPHINTS. The subject that is probably most 
often photographed b\ cin investigator is a fingerprint. In many instances, the finger- 
prmt IS the most eon\mcins evidence establishing the fact thalithe subject was at the 
scene. Without photography much of rhe vaiue of fingerprints would be lost. Some 
fmuerprmts are on (j\>]vQt> which are fixed and cannot be taken to court; others are 
too faint to be seen ciearl\ by the naked eye. They can be easily destroyed by weather 
and careless handling. The^e difficulties are easily overcome by photography^ Since 
hnf^erprinu- pre so deheate, they .should be iihotographed as soon as they ar^ound, 
The procedures discuVi^t,<i here are equally applicable to palm prints, footprints, 
and fabric prmts or'in\pressions. 

a. Then- are ihr^pe t\pe< ol ungerprints, classified according to their 
\iMbility. , ^ , ^ 

^li . Visible- Prints. Clcarh/'isible prints are usually found on hard, 
^mooih^surfai?e(l materials, such as i;lass,^or metals, and can be" photographed 
vMihout special preparation of the print, this cjass also includes prints found in 
-oft substances such as putty or wax. 

( J J Faint- Prints .- These prints? can be seen hy the naked eye, but 
h:t\e imlisunc: .xitte'^t^i'i-. They must 'be speeialh prepared (usuoJly with fingerprint 
Moudev^ so chat the pattern ib clear and has enough contrast to allow photographing. 

Atm-ost In\isiblQ Prints . These are prints found in dust, or on 
nKiterials uhieh do noi ;illou development with fingerprint powder. Sometimes they 
can be brouuhl out b\ eros^lightfng, or b\ treatment by' iodine fumes or chemicals. 
Once trcviieU, these prints fade quit^kly. 



V 



V\ gq'Qipment and Matena-ls. The ac^utpi«e»it used for phoro^raphing a 
tinsjeri^nnt will depend on the condinons under \which the print is lound. 



low ; 




i-^^ Tne KE-12(Z) (Speed Graphtc) (See Lesson 7^ . \vith double l)eiK. 
extension 15 pretefabk- for Ungeipnnt pnotojir.iphy. The uoublo bellous provides 
tor 1:1 muge size in the ne-.)tive. for a 1:1 photogi-:iph the dist:ineo from the lilm to 
^ the center of.the leni must be ;uice the foeai ien-th 01 the lens used, and the dist^<nee 
from the center of the lens to the print nu;.-: also !)e two ioc:il lengths. .Or/ ui other 
words, the distance from tU;-. ;o :he pri-u will i.e toiir times the focal length -Mtr- 
the lens positioned -nidw.^y berv/ec-n. T;-.c eai-er.' bu' sncald !)p marked, at this poLV. 
showing the proper position o* :;r3nt ^tan(!a:d /s ^e:r''.^!> at double t-\:ension.; As,'.' 
has oeen indicated, •.•> 1:1 rattc. or large:-, re.iuircs a mo' ble 'x^k^^s extensio;^.. 

^'lows eon pc-sating factor Mf. n-ultiVu ir.i: factor- .nus: 00 oons.H!ere.i w hen 'ebin- 
-■atinc the exposure settings. A acuce f.e!low=. extent. :.n 'reduces the light inte/is?6 
strik;nu the fih^i plane by 1/4 the intensity ot the lig;;t p.issmg througl 

M F ^ [Belloivs Extension «3Zh 
( Focal Len£:th i FL) 

fsee paragraph 3bf2wc> in this lei^son. ) . ^: 

12\ Filters. Color liiters HuV; be used co control contrast when the 
* pvms are iox^d on colored bravgrouncs. or nhen colored lingeiprint pouders are 
used, xo select the proper filter^ examine the subject throusjh the tiiter. [f the 
contrast is improved, -then that filter can ne used. 

r F;ngerp/rint Po\\ders. Dusting the fingerprint u irh a powder is 

the most umversally-used means of de\eiopin^ a print. ^The color of the powder 
used is determined b\ the color of the material on which the print is tound. The 
powder should contrast w i:h the background: those most ol'ten used are black, white 
or gray, browii or red, and fViorescent. If the fingerprint covers an area containing 
several colors, and contrast canriot be obtained with ordinary powders, use a ^ • 
fluorescent tvpe^iowder, and photograph the print with ultra-violet light.. Aluminum, 
powder can be used on glass or shiny m.etal because of its exceptional clinging 
qualities^ 

Black Fingerprints on Light Surfaces . Whe/^laek okr dark 
powder is used to develop h fingerprint .n alight surlace few problems- are 
presented, since this is the same as photographmg line cT^py. Care should be taken 
that hot spots are net created by your lighting. 

Light Fingerprints on a Dark Background . - This tjpe of print 
creates i special, problem. The image produced .in thefinai print' is reversed. That 
is, the ridges, of the print, are shown as vvhite rather thi^n black. To change the print 
back into its proper relationship, .in intermediary negative, is made. Arrange the 



rif<^ativt» and a shoct of unexposeci^iim so tharthe notches correspond, place 
the negatiM' and film sheet on a contact printer, emulsion side down, with the 
negative on\ha bottom* With a lO-watt lamp, the exposure will be approximately 
one second* The resulting negative is ealied a transp^lrency or reversal negative, 
and will produce i\ pjiotographic Vi^iri^ of black fingerprints on a white surface, 

X \Q) \ ^:tm?iQ^pvin^^' on GIasA> Either of t\\Vi;iethods'may be 
>.iTapla>j^d lii photugrxigHi^^^^ on glass. If dark powder is used, place 

.the.gliass. oa aji^t^ non~refleative, paper backgrounci^,. The^cj&'ST''ortbe procedure 
IS the same as other photography. I( a light powder is used, place' they glass on a 
piece of blrrck velvet, and' photograph it in th^ normal manner. If the print is on a . 
bottle, a paper background c'^in be railed up and inserted into the bottle, or the- 
bottle may be filled with a dark liquid* such;as ink.\Be sure the contents of the 
bottle has no material value as evidence. . Bpttlea, and Other glass objects with 
curved surfaces, are sometimes fUfficult to light since il^y are highly reflective. 
In some cases, the light may be reflected onto the bottl^^slirface by white paper 
4jr cardboard, rather than directing the lamp directly Ont(^^he subject. If the 
ghfes is translucent, rather thart. transparent, it may b^ possible to jDhotograph 
ihe^fingerprint by placing the light l^ehind the glass, and photographing the 
print by transmitted light. . , ' ^ ' - < \ 

7 c. Photographing Fingerprints' at a Crime Scene: When fingerprints 
ire found at the scene of a crime, they should be photographed as soon as possible* 
^The qbieci contaimng*tne print should'be photographed from* ^medium distance, show- 
ing the entire object and some of the surrounding ?.irea. This enables latter identifi- 
cation of the object m'the overall vieu of the crimc/i£cene. Irt'thoscvrarc instances 
when fingerprints are to be lifted by tape, they should^be photQgraphed before the 
tape IS placed oyerlhe print* If photographs ar^^made of the fingerprint on Ihe 
lifting tape, the. negative ^hojuld be placed in the printer upside-down. The image 
ha.- been reversed from l^ft to right on the tape, a^d-it must be returned tO its 
p^roper relationship so it can be classified, ^ ' I ' 

5. DOCUMENT PHOTOGRAPHY. Document photogVphy employs the same? 
ba^^icoecuipment and set-up as copy photographing. In addition,- ultraviolet im'd 
mirared'are used a? uell. "The main difference'in docymvnt photography and copy 
phototir^phv IS tHat coj^xing merelv reproducers the subject as ^een,, while document . 
photoji>'aph\ relates to an effort to detect or clarif\ writing or marking^ on paper 
that no longer visible due to aije, exposure to weather, ilre or water, or alteration, 
Docui;ient photograph} i.- divided into two gener;U classcj-: 'document^ that have' * 
ob\iausl\ been altered b\ erasure or other visible alteration; and those that appear^v 
n«Jtjrmal but which are suspected of being altered, but in which th^ alteration is not 
\ibible to the naked e\ e. , / k ' 



a, Fllhi Selection. Correct film selection^is the key to successful 
documeBt photography. The contrast of the m riling or marks on the document 
determine the film to be used. Faint details require the -use of i high-contrast 
51m. If detail is required in both the paper ajid ink, a moderate film is required, 
since a high--contrast flim would block out the detail on one or the other. It is ' 
often necessarj' to experiment with several films before the correct selection is 
found. The choice of paper is also made on the same basis as the film selection. 
The film must be properly exposed. In some instances, several photographs 
may be required of one document, as in the case of a document that has printed 
matter and signatures in several colors of ink and pencil. More than one -ex- 
posure would be needed to bring everything out clearly. 0 

0. Mechanical Erasures ., These are the ea^i^t to detect, but present 
some of the most difficult problems.' If the writing appears to have been com- 
pletely removed, there is little possibilitj- of restoring it. It should be examined 
under a magnifnng glass, asing a concentrated beam of light. By moving the 
lamp at various angles, it ma\ be possible to detect some trace of writing. If 
so, place the document in the copy easel, and arrange your light at the same 
angle as the original examination lightV Usually, a high-contrast film is re- 
quired, which w'ill exaggerate the traces so they are readable. Side-lighting is 
most often the best arrangement, since it reveals the texture of the erased 
area. If no detail is revealed by refected light, place the document ove^a" 
light aBd examine it by transmitted light. Examine both side's in this manner. 
Examination through filters is also sometimes helpful. If \isible light examina- 
tion reveals no traces, examine the document by ultra-violet radiation. Traces 
of the ink or pencil m,ay be detected, or the traces may not be sympathetic to 
the radiation and will be seen against the fluorescence of the paper. If ultra- 
violet reveals neihing, photograph the document w itK infrared It may reveal 
traces that do not react to ^iltra-vtoiet, 

c. Chemical Erasures. The examination of these documents is 
basically the same with chemical erasures as ^r mechanical erasures, but more 
often than not ultra-violet is the best method. Most papers have a natural 
fluorescence that is easily disturbed by chemicals. The effect is quire notice- 
able under ultra-violet radiation. In other instances the ink may fluoresce to 
a greater degree than the paper, or it may not fluoresce at ail. In eithec instance, 
the effect can be photographed* Sometimes reflected ultra-violet will reveal 
alteration not shown by fluorescence. The exposures by ultra-violet will be in 
minutes rather than seconds, as would be the case with ordinary* light. 
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eK f)blilenttc<l Wnlin^ > 11 ihc w,riting in question has been obliterated 
hv •ivcrwntmji, or scratched out, it ih sometimes possible to restore the original 
wntinu. ' If the ovcr-markh are made in a different color than the. original writing, 
A filter ot the samt: color as the overv.riting may absorb the color and reveal the 
un<ler\vritin)4» View the f>bKitcralion through the filter and examine the effect. A 
merlium contrast-iThri bhould be used. If heavy pressure was used in the original 
writing, it may be possible to phoiograph the mde .litions which rc^main obliterated. 
Cross-lighting is usv/alK used, and a medium contrast /ilm. If these methods fail, 
cn infrared. Thi;#^^nk may be transparent to Infrared and allow the underwriting to 
be pnotographed.^4fr*some instances, ultra violet may be used as there nfiay be a 
difference in the intensity or color of the fluorescence. If the obliteration is made 
by pasting paper over the writing, as, for example two papers that were stuck 
toi^ether accidentalh , and pulleil ipirt, leaving part of the paper stuck to the writing, 
wetting the paper ma\ reveal the writing. .Apply a chemical such as benzine, or 
ii^^hter fluid, to the area on the reverse side. The writing will appear for a few 
:?ec^>Dds and then disappear as the fluid evaporates. Be prepared to photograph as soon 
as the wntmg appears. 

il) Masking . Masking is a photographic process which often permits 
separating the individual information from obliterated areas. If a negative, and a 
positr e made froir* the negative are superimposed, all the information wi.U dis- 
api^ear. How ever, ^f the positive is made from a second negative which differ in 
son;e respect :ron» the first, then some information can be made ^to disappear 
selectivelv while other information is retained. 

(2) It iS necessary to m.ike two negatives at the same magnification 
and that these nei;ati\ es differ ;?5»u;uch as possible in the ratio of image strength > 
*-,etween the wnnng to i>e deciphered anci that vvhich is causing confusion. .A film 
.^o.siLive is nuid(? l>y contact from the ne^rative containing- the weaker image of the 
v,tnted miorm.ition ^dv the stronirer nr.age of the luiw anted \alue» and processed so 
:li.it the superm'puMiion with the other negative will obliterate the unwanted infor- 
i:,ation. A print i^mdc '^y o\posini> through the superimposed films will produce a 
grv.atly clnrineo picture oi the infonu.itiorrsjesired. 

« . Phjiotrraphitv-; Impressions . rhKimpressions left upon .i pad ol paper 
M\ u/iiini: Oh AW uppei" .^heei which has been reinoved will sometimes provide a 
ioeii>le copy ol the tr.essage written on the ^iiissiniz page. Bv directing a bean\ of 
h^h: fv A\. ihc suie ulmost parallel to the plane of the paper), the indentations can 
hv in Aiuhi into reliel .\rtd the vvritmg revealed. No special treatment of the paper is 
nccc^>>arv. l*his shoulci De done, m .i darkened room so that onlv the grazing light 
illuminates iho paper. Handle the [)ad vjery careiulh before photographing ;t. 
Nrwr pin the Si^sptci paper under an\ pre^^sure, .is this would tend to smooth out 
the indentations and make it ihore vUtticult to photograph. 
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f. Charred Documen ts. The writing on charred documents can often 
be deciphered and photc^::phed jusing infrared ji^'tt^^a rurally the decree of 
"restoration** depends on the degree of charring. ThosV^papers that have been 
completely burned cannot be photographed succesotuK:. . \^ some mstances, 
charred documents are phctog-ruphed bv placing the .paper under a large sheet 
of glass, and arranging one light at an angle off to one ride, so that the ink residue 
reflects the ligh:. Both methcls "houlj bo trieci. Infraren mav riisc be useful :n 
photographingcharred labricj ;^a:ner, stcn as ru^rev Na^s, r^T.es i^iscnbe^:' on 
wallets, etc. Since these ir.a.ericil? .j>';.i::y :e r- e >^r^.i> u-^a ira;^M?, cr^ ^ 
musi be handled with extr-in ; eare. 
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KXERCISI-S 



The following exercises are multiple choice. There are four alternatives to each 

1. The type of light generally used to separate the subject from its background 
would be a 

h, floodlight, 

b. ' spotlight. 

c. reflector. 

d. fiooalight with bam doors. 

2. In figuring exposures, when the original to lens distance is less than 10 • . 
times the focal length of the lens,^ you must 

a. . add the basic exposure number to the bellows extension factor, 
'b. multiply the basic exposure b> the bellows extension factor. 

c. divide the. basic exposure b\ the bellows extension factor. 

d. multiply the exposure by the distance of the films focal plane. 

3. When mountm^Nmori|Jal on .i copylxjara, all of the foUosung steps 
woiild be taken EXCEPT «^ — \ 

a. the original should be parallel to tfie film plane. 

' b. the original snculd be pertectlv tlat on the cops board. 

c'. the original should l>e centered with the optical axis ol the lens. 

d. the original should he mooted right side up on the cop\ board. 
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I. Glare is generail-, eliminated when photogrdphing a very shiny surface 
bv the use of 

A 

9. a tent. 

b. reflectors. 

c. barn doors. 

d. bounce light. 



5. An investigator might find it nece'ssary, prior to phctograohing a finger- 
princ, to use iodine fumes to brin:^ out 

a. visible prints. 

b. faint prints. 

c. almost-invisible prints. 

d. latent prints. 



G, For a 1:1 photographA the distance from the film to the center of.the lens 
must be 

a. the same as tjje focal length of the lens. , 

b. one h'alf the focal length of the iens. 
c*. twice the focal length of the lens. 

d, four times 'the focal length of the lens. 



bv 
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1:K of the following, which item is not preferable in a copy camera? 

a. Close focusing capability. 

b. Small film size. 

c. Rigidly mounted. ' ' 

d. Ground glass focusing. ^ 

14. Writing on charred documents can often be deciphered and photographed 

using filters. 

b. the masking technique. 

c. using infrared light. 



r 



d. treatment with benzine or lighter fluid, which will bring the writing 
out for a short time. 

15. Normally, in photographing small^bjects, the main light is 
_ . a. a floodlight ,.Aviitriw^^^ bring out details. 

b. a spotlight with ^oodlights use4-f^ fill lighting. 

c. spotlights, with reflectors, used if there is excessive glaje. 

d. two floodlights, with barn doors attached to direct the light. 
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IC. To photograph rectangular obieejts, the main Ught should be placed 

a. directly to the front of the subject, 

b. to the from right of the subject. 

c. above and to the rear of the object. 

d. behind and to the side of the subject. 

17. An 8 X 10 origir.ai produces a copy orint \\\o.t 2 x 2.-1/2. when the 
scale is 

a. 4:1. 

b. 1:4. ' * • 
C. 2:1. 

d. 1:2, 

f 

IS. To bring out faint detail, on a docuinent that is being photographed, you 
would generally use 

a. a high -contrast £ilm. 

"b. a'^medium-r.-ontx-ast film plus a high shutter speed. ' 

c. a low-contrast film. 

d. any t^-pe ol fil;"ii because a rod filter wiW o»-ovide the needed contrast. 
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Generally, the best' method for e\aniimnu chemical erasures is 
\ a. infrared light, 

b. ultra-violet lighi. 
* cu treatment with iodine, 
d, oblique lighting. 

# 

10. To darken an area, which is to be copied 
cl- use a filter of the same color, 
b. increase your aperture setting by four stops, 
c use ;i filter of the complementary color. 

7 ^ ■ 

d. decrease your shutter speed to l/25 of a second. 
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ATTACHED MEMORANDUM 

This attached memorandum includes information extracted from resident 
instructional material of the United States Army Military Police School. In 
case of conflict between the attached memorandum and other publications, the 
material contained in the attached memorandum will apply ^to this lesson 
assignment. 

1. INTRODUCTION. Photography is an essential tool for the law 
enforcement Investigator . "^AV^a 'tooi^Tt^enab-les him to record the visible, and, 
in many cases, the invisible evidence of a crime. The photographic evidence 
can then be stored indefinitely and retrieved when needed. In short, there is 
no other process which can ferret,, record, remember, and recall criminal 
evidence as well as photography,. This lesson is designed to give you general 
information to enable you to photograph specific crimes at their scene. 

2. CRIME -SCENE PHOTOGRAPHY. The basic function of a crime scene 
photograph is to provide the investigator with information that will assist him in 
solving the crime/^ In cases involving violence, the location of objects in the 
scene may be vital in establishing exactl\ what took place. A permanent record 
of such a crime scene is considered indispensable to a successful presentation 
of the case in court. The photographs must be taken before the scene is 
disturbed, and articles of evidence removed. The photographer's aim should 
be" to record a maximum of useful information in a series of photographs which 
will enable the viewer to .understand where and how the crime was committed. . 
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The term "crime scene ' refers not ozily to the immediate locality in which * 
the crime took place, but also to adjacent areas where iniportant acts took 
place immedi^ely befoire or after the commission of the crime. The photo- 
graphs, along with establishing points of proof, may prove useful later in 
interrogating suspects and interviewing witnesses. They also ^yill provide 
the court with a graphic illustration of the sc&ie, enabling it to better 
evaluate evidence. 

a. Photographing the Scgne . To irjsi re oompiete pboicpraphio 
coverage of the crime scene, a pattern siiculd estabii.:>hed Tor phorx3grarMn3 
the area. This pattern should be vorked clockwise m a spiral, staring at a 
point at clic perimeter ox the scene, and worldng toward the center. Usually, 
the first photograph is of the entrance into the aroa. Tlie second photograph 
should include a portion oi the area taken in the first photograph. Because 

of this overlapping coverage, ihe scene can be viewed with the assurance thac 
ao portion of the area has been excluded, and the relationship of objects in 
each photograph is established. The over?Jl crime scene photographs will be 
long shots, in most cases. WTien items of importance are discovered they 
shpuld l?e photographed from a distance close enough to identify the object, 
but still show enough of the surroundings to establish ics location in the overall 
crime scene photographs. It can be later photographed, at close range, to 
reveal identifying marks, or other evidence, such as blood stains, fingerprints, 
or hair or fibers. The nimaber of photographs required to provide complete 
coverage of the scene will be determined by the nature of the crime and the 
location. However, no less than four photographs are necessary to adequately 
show the interior of a room. If there is doubt as to whether a photograph should 
be taken, it is best to take it. It is far better to have too many photographs than 
too few. 

b. Lighting . The type of lighting necessary for crime scene photo- 
graphy will be deteimined by the scene itself, so no specific rules can be made, 
other than following the lighting techniques found in other lessons. Also, there 
are several generalizations that apply to crime scene photography. The scene 
should be well lighted, revealing all the detail of the object or area. Dramatic 
lighting with deep shadows is not desirable, unless the shadows play a role in 
the crime. When photoflash is used, care should be taken not to place the 
flashlan^) too close to the subject, since this will ''bum'' the subject with too 
much light, and the detail will be lost. • ' 

c. Perspective. An evidence photograph should appear natural to 
the observer, with sizes, distances, and relat^onsliips appearing in their proper 
perspective. Thid perspective is determined bylhe position of the camera 
when the photograph was taken. As a rule of thiunb, it can be said that the 
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camera bhould be at u witness eye le\'el, or about 5 feet from the floor. 
.Other positions will be used from time to time, but the general scenes and 
medium -distance photographs should be from that height* The camera should 
"be placed to show a natural line of vision, such as an observer would see, 
avoiding trick shots, and placed so that objects in the^eene dp not appear 
distorted or unnatural b\ bemg too close to the lens. 

d. Verification of Photographs . In addition to identifying a photo- 
graph for the court, it is aj^ necessary to verify the materiality and truth- 
fulness of the subject or scene portrayed, [f the perspective is distorted because 
of the nature of the crime scene*s shape or physical limitations, or by wide 
angle or "telephoto lenses, the (distortion must be explained. If a filter is used 

to create contrast or reveal evidence, it ryiust be explained, the camera position 
must be given, and the other technical information regarding that individual 
photogf^aph. This is especially true when using, infrared or ultraviolet. This 
is best accomplished with a mimeographed form that is pasted on the back of 
the print. This is called a data card, and should be made for each negative 
and print, and should contain a complete teclyiical history of each negative and 
print (e.g. , f/stop, film, developing time^, etc.). The information on the data 
card must be verified as well as the print^^flself. Care must be taken not to 
express any opinion in this form, such as the nature of the offense, since this 
may affect its admissibilit\ in court. The'same information should be filed with 
each negative. * - 

e. Marking the Photo^r^ h. This subject is divided into two cate- 
gories, in the first category, m^rk^ may be used to identify a photograph, or 
objects depicted in the photograph.^ 'jhese marks will probably have to be ex- 
plained to the satisfaction of the court before the print will be accepted. ' The., 
second category is marks or objects placed in the scene and^phptographed as part 
of the scene. These marks or objects must be verified as to their proper - 
positioning, and must be necessary in the identification of some object. 

y 

(1) Markings on a Photograph . It is permissible to place a mark 
on a photograph to identify the prim before it is submitted in evidence. After it 
.s accepted, it will be marked as an exhibit by the court. The technical infor- 
mation shown on the reverse of the print must be verified at this time. ^ It is 
permissible to place mai^ks on the face of a print tojdentif} certain objects, 
il necessary, \and explainable. 

< 

Markings PUced in the Crime Scene. In some instances it is 
permis.s'ible to place an identifying marker in the crime scene. These markers 
should be used with discretion and restraint. Care must be taken not to obscure 
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important evidence by the marker, and t^ie marker must be clearly .visible apd 
ideatifiable. An example of this type marking is a stake sha\v:ing th^ location 
of an item of evidence that is too.smairtd be seen in an overall .view^f Jthe scenes 
If a marker is used to, indicate or establish size, a ruler calibrated. in inchp? or 
millimeters shotdd be used. The ruler^shpuld bear the photographer's initials 
so it can be identified Jf it required to be presented^ court for. verification. 

Marking the Negati^ 'e. TJie onl> maAing permissible on a 
negative isCn identifi'cafiun number. Thi^, nornlaily, -would consist ox the 
case number and the number of the negative. Negacive numbers run in ^ ' , . 
sequence in the order in which they were taken. Thib number Is placed oijl:he 
bordenol the negative, yotlilfig should be placedan the image area of the 
negative. The negative, after exposure, Is handled ia^he same manner as any 
other item of evidence, and the chain of custody is the same.. ^ATien motion picture 
film or color film is commercially processed, a statement called a processor's 
affidavit should be obtained. This states that the film was norri^ally processed, 
and returned to the sender neitheir altet'ed nor edited. The chain of -custody • 
js maintained by transmitting the film through registered mail, with return , ^ 
receipts requested. It is suggested that the processor be listed as a witness ^ 
in the case report. ^ ^ — , • - - ^ ^ ' ^ 

g. Data Board . Occasionally, a photograph will be taken of a scene ' 
in which nothing appears that will indicate left and right in the negative. To 
prevent ^the accidental reverse printing of the negative, a data board is included 
in the. scene when it is photographed. The data board can be a black board, or 
even a simple 3' x 5 card, with the time, date, location^ and photographer's 
initiak wTitten on it. The. data board assists in identifying and verifying the 
pHotograph. It is important that no opinion be, expressed on the data board, for . 
example, the word Murder, oira&icide. Since the facts of the case are not^ 
estilblished ;at the time the scente |s photograpjiied, opinion would indicate that 
the investigator-had already farmed conclusions. This could render the photo- , 
graphs inadmissible as evidence* . ^ . ' 

- h. Presentation of Prints . A photograph to b^ used as evidence in * 
court may be made to suit one of two purposes. If a print is for distribution 
to the* various^'members. of th^ court, 8 x*10 .iiiches is a convenient size. It is 
large enough to show details of the subjetct, and not so large tp be difficult to 
handle. If th^ pi'int is t(5 be used as a display exhibit, it^'should be larger in 
size, 16*' X 20'* being a -commonly used size, pisplay exhibits are used to 
niustrate points, or explain the scene depicted. Display prints should-be 
mounted on stiff cardboard. \Vhen an enlargement is made of a portion of a 
negative, a'contact print should be submitted with it, to show the relationship 
of the enlarged area to the entire scene shown in the negative. 
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3. PHOTOGP OmIINO SPFClrtiT CRIMFS.^^ Given below are suggestions 
lor photojiraphhiu thi more common npes of erime. Thfese are by no means 
com.prehen.^ivc. lljch crime will have indi\lidual teatures whieh should be 
t'ho^-oijr.iphed. Keep in tmnil the naiurv t>jt {he otlen^e amflrv to show clearly 
tho<e features which aid m cstablii^hing the elements of the offense. 

n. Burglary j- ci Vniidali<m . From .i photographic vie wpoint, 
burglarv and vandalism can be treated alike. The following are examples 
ni '^ub,ect matter, m recommended order, to photoj^raph in a typical burglary 
or vandalism. 

. I) General \ieus of the exterior of the building in which the 
crime has taken place. 

» 

* 

.2) The point <>t break or earn . These should be photographed 
l.n Mich a manner mat marks of force will be shown cleafh . 

. " Point of exit. 

(4» Conditions of rooms. 

?5j Articles *eft at the scene (e.g., burglar's tools). 

»6) Trace evidence, such as burned matches and cigarette ■ 
butts, \ 

.7^1 ^ooi, TT.arKS and impression? of ^hoe? or tires. 

Fir^erprinis and lootprints as well as articles on which these 
print? ma\ be found. ^ 

^ ' lOi The area from which valuable articles were removed,^ such 
a< from a safe, desk. etc. . 

*^ It IS reeoiamended -;hn; uivestii^ator^^e particularly careful 

ir:r..t leaving articles ^uc }^<is^igaretie butt- or matche:^ at the scene, since thev 



'K- cf-nfuied *nth -irular trace evidence left b\ the intruder. 



b. ^^^hotogranhing Deceased Victims , ^n m.an^ instances, th\;^^ctim*s 
'^••f: Atii rc\cai .t^'r.^uih informaiion as the crime scene. The photographs of the 
> Mn ili lU-r aih cach rase, but i\)rrv an- certain tactors fhat are peculiar 
:ry r'am o;{in-<.-. I hc photographing oi the victim i> done in two phases: \ 
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Those taken at the scene, and those taken at the morgue. The presence of 
the investigator during the exkmination of the victim, and in some instances 
the autopsy, is vital, if the evidence is to be preserved. Due to the large 
number of possible offenses and wide variety of evidence that may be found, 
only a general outline of the more common incidents will be given. These 
basic photographs are a guide, and can be expanded or altered to match the 
situation. 

(1) Homicide , Homicide photographs should set the scene, 
and provide information concerning the manner of deuch. The crimi scene 
should be photographed from every direction wich ulerdy of cio^^eups to aid 
m reconstructing the cnn'^e. 

(a) In an indoor scene, these pictures might include: ' 
L The room or area in which the body was found. 

2. The adjoining rooms, exterior of the house or 
surrounding area, visibiij^ at various points, footprints, or impressions of 
tire prints, 

3. Evidence of struggle, such as overturned furniture, 

bloodstains, etc, 

i 

4. Signs of activity' prior to the occurrence, such as 
the telephone receiver off the hook or wires cut, TV and lights turned on, 
drinkit^ glasses or liquor bottles, etc. In general, articles apparently in use 
immediately prior to cohmiission of crime or which appear to have been dis- 
turbed from their customary position, should be photographed. 

5. Unusual signs, such as marks of conflict on a suspect's 
person or clothing; trails of bloodstaips , footprints on paper or in blood; handker- 
chiefs or garments bearing laundry marks and ether potential clue maWiatcr 

A 

(b) In an outdoor scene, look for such items as shoe or tire 
impressions, discarded cigarettes, burned m.atches, broken, braijches or 
shrubbery, signs of objects being dragged; and photograph them immediately 
lest they be disturbed, * 

(c) To locate the body* in the scene and its positipn in 
relation to other articles in the room, take at least two photographs of the body 
at right angles to each other. Point the camera down from the normal position 
of a standing observer. Other pictures might include closeups of wounds, the 
location of the instrument of death, and other special aspects or conditions of 
the body. 
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(ii) Additions/ photographs of the body may later be takc^n 
n thr inor-uc under the ihrccifm of the autopsy ^surgeon. These may include 
lecih mttrkb on the hps and the tongue, bruises or scratehes on the body, post- 
hwhw marks. :md marks on the leg? or arms indicating th&i the victim had 
iHui hound. While man\ ot these ma\ be observed at the scene, they are more 
ra- iK photooraphed at the morgue. In addition to the body, the victim'^ 
clothiriK should also be exa.iunea. 

i'2) Hangmgs . In many cases of hanging, doubt exists as to whether 
It IS murder. <uicide, Or accidental. The original position of the body, is, 
therefore, of importr.nce. Often the body is cut down or moved in an effort to 
rcncer first aid. This means that the photographs will be somewhat different 
than those taken wnen the body is undisturbed. These two circumsUnces will 
be discussed seM^ately. 

(a) Undisturbed Scenes . 'Views of the overall scene are 
taken first. Overall %iews of the body should be taken from torso height, and 
should mclude the rope. Closeup photographs are taken of the head and neck 
showing how and where the end of the rope is secured. Since most suicides do 
not have their feet clear of the floor (many are found sitting or in a semi-prone 
position) any space between the victim's feet and the floo^ should be photographed. 
Any object which appears to have been kicked from under the victim's feet should 
also be photographed. ^ 

^b) Disturbed Scenes . When the body has been removed from 
its original position iittle can be done to photograph the scene. Overall views of 
the room are made. If the rope is still secured, the method of securing it should 
be photographed, as should an\ signs of disturbance. Closeup photographs of the 
depth .:nd location of the groove, made by the rope, should be taken, including 
black or blue marks or scratches. Color film is well suited for these photographs, 
especially when the face is discolored. Black and white photos should also be 
taken, as color may be ruled inflammatory and not admissible. But color will 
best preserve evidence of discoloration of the body. 

» 

(3) Drownings . In drowning cases, the body is usually the sole 
object of interest. The scene is of little importance since the body will not nor- 
malh be found in the same area where the death took place. The main question 
js, did\he deceased actually die of drowning or was heiihrown into the water 
after (iyin- tron; some other cause The photographic operation should be 
directed toward those facts wliich will help to resolve this question and the 
victim's bud\ will most likely provide the answers. Color film is extremely 
uselui here since mam of the significant clues may be matters of discoloration. 
Photograph the whole l^ody, both from the position of a stimding observer and 
from the ground le\el. The latter view will show any distention of the body. 
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Closeups' should include jny foam about the mouuii; ±e posiuun cf the mouth, 
whether open or ciosed; wounds, peculiar markings, bruises, or unusual 
discolorations; articles grasped in the hand; and any rope or \zre bindings. 
Many of these shots can be made at the morgue before autopsy. 

(•i) Acciddiical Electrocution or Lightning Deaths , In 
addition to the usual photos, special attention should oe given to those 
aspects of the scene which show how the electnc:HvCor.tact made. 
Examples are the accessibility of lighting fixtures; wires lying in water; 
electrical hazards, such as frayed insuia.lon o--^ j.vpooed wires. 

c. Explosion Expiosiocs may be acciceniai or zn.mtionai ^ if 
the latter, it is the job of the investigator to ieierr-.K.ie if ir v.-^re directed 
toward a person or property. The investigr.tor must be very careful bcc<\a3e 
the key evidence may be as subtle as a small piece of string. Usually such 
offenses are committed mdoors. The following items are potential objects to 
be photographed: * ' — - 

(1) Nature of Explosive Device . The detonator of a home- 
made bomb may leave items strewn about the scene, such as: parts of the 
container, fragments of a box, pieces of string or pacer; metal parts such 
as pieces of pipe, tape, \vire, batteries, and parts of clock mechanisms. 

(2) Undetonated Portions of Explosives. These :nay be found 
at a considerable distance from the p oint of explosion, 

(3) Traces of Liquid Explosives . Stains or splashes on clothing, 
draperies, or walls; particles of wax or paraffin. 

(4) Point of Origin. The exact spot at which the bomb explciied 
is important. Alsoi the window or other opening through which the bomb\may 
have been thrown. % i 

(5) Condition of Utilities Equipment. If it appears that the source 
of power for the detonation was derived from a doorbell, telephone, or gas equip- 
ment, photographs should be made of such items, also of household appliances and 
similar pieces of equipment. Also photograph such items if in places" where they, 
would not normally be placed. Faul^^ gas lines, open gas valves, and ruptured 
pipes or fittings should cdso be photographed. 

(6) Evidence from Suspect . Indications of the use of explosives 
may b^ found on the person of a suspect or in his lodgings or vehicle. Thus, 
photographs should be made acid burns, discolorations, or injuries on a 
suspect's person and cf explosive components, binding materials, itisulation 
materials, etc. 
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d. >Ar^on , \rson is one of the move dLfl'icult offenses to prove, since 
:iuK h ol the evidence i> consumed by lire, l^hotography is one of the major 
>Cif nt^fic aids used in mvesUgations of this- type. It is a lengthy operation, 
starting with the investigator's arrival at the scene and continuing, pe**haps, 
for several davs after the fire. This is a t\pe of investigation that is well 
suited to the use of n>otion pictures, as well as s$ill photograph\ . The . 
pnotoi;raphing ol a lire i> divided into three phases: photographing the fire in 
progress"; immediaiei^ after the fire; and alter action when damage photographs 
are taken. 

(1) During the Fire . Photographs of the fire while it is m 
progress are valuable for a number of purposes. They should, include the 
following: 

(a) The area of origin. 

(b) The speed, direction, vind manner of the spreading of the 

fire. 

% 

(c) Progressive stages* of the fire from various angles, as 
significant changes take place. 

(•d) The -arrangement of wtf^tews and doors. 

te. Photoe:r^j)hs of -poctators should be taken every 15 min- 
ute.- or 50, Since the arsonfst unii ottcn return to the scene of the fire. Look 
:or mduiduals uho appear m'more than one photograph. 

i his phase ol ihr photographv is bc<t accomplished b\ 
a motion picture var^eia. ri;e color ol the smoke and steam, location, size 
and color of the fl.Mne^ ns well iheir !ntensit\, are all valuable in determining 
ihi use ot an accelerant. A time ^^hould be maintained, recording the time 
eaci^ ^'ouf'nee v.a> lakc:K Naluralh , color him is the prelerred film bince it 
provides better idcniihc:ttion of (.^lor'-. The photographs ot ihe spectators max 
-t/e 1 ^nii.aole lead, especial!;/ it there ha^ been a series ot lires in the \icmit\. 
Local Civilian lireircn an/i -ir-on inve>tiLt;ttors should be invited to view the^e 
::Lrs ^jnce thev ";ray fa^jliar \\V\i po^-ibie -Li«-pi'' i^. It it i^ possible, photo- 
^ra;'.- *^hould be taken mside the structure durinu the tire, i'hese .-hould include 
'\ '.nous and doors. clos<£t<i and lile rabir-.t-ts ulu I'c n eo!-d< .tre stored. Incendiarx 
devices snould be photo^rnpherl careluliy, .»r -^hoitld an\ item that could be used 
»n :>*jr*in^ the tire, fht^^e iten.s relate to the n-o^t fnifu-ult element of proof, 
iote»Tt c i'^iptv; ( ans ei ii<^uii.! cont;uner£, papGj . or -rays, combustible liquids, 
candles, nutches, t;tc:. . shoui^] all ^t3tj.3»'eJull> photourai>hod. Photographs 
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should also be taken of prospective devices that have been tampered v/ith, such 
as sprinkler systems that have been turned off, open gas jets or pipes, or 
electrical systems that have been altered to create a danger. If the fire is 
uncontrollable, this evidence may be consumed and lost for the'investigator's 
evaluation. « 

(2) After the Fire . ^ATien it is safe to enter the building, it 
should be photographed completely. The same attention should be given to 
the details considered in photographing the interior curing the fire. In additior.- 
the area that was burning can now be entered and phoccgrap.^ied. It is'impor:- .v. 
that this be accomplished before the firemen enter the area, since they may 
collapse dangerous wails or chimneys to protect the public. This, cf course, 
destroys any evidence that is there. Special attention should be given to arrange- 
ments of the items in various rooms. Arson is often used to conceal another 
crime. Particular attention should be given to documents and records that 
are purposely exposed, doors, windows, transoms, and ventilators that are 
open and provide cross-drafts. Electric clocks should be photographed to shoW 
the time of power failure. Views of burned areas should be taken with special 
attention to their probable points of origin. The firemen are a good source of 
information to determine these areas. The path of a fire can sometimes be 
traced by the effects of the fire. The alligator pattern of charring caused by the 
fire often can be used to trace the fire to its origin. The deep charring of the 
wood, and the small checks of the pattern, should be photographed. Cross- or 
side-lighting is best to reveal the detail of the charring. The exposure should 
be increased by one or uvo f/ stops since the charred wood absorbs a great am.ount 
of light. The pattern at the point of origin is smaller and deeper than the rest of 
the area. The pattern is also smaller and deeper at points where flammable 
liquids were used. 

(3) After-Action Photographs . After-action photographs include 
complete exterior coverage of the structure and the surrounding area. They also 
mciude any evidence chat may be- uncovered during c!e;mup operations. These 
require coordination with the fire department and the personnel employed in the 
jieaning detail. They should be briefed as to what ma\ be of interest to you. 
If evidence is located, they should be instructed not to move it until you have 
arrived to photograph it. In addition to the photographs of the structure and 
■?uch eMdence as may be found, a photographic cop\ oi Uie blueprints of the 
structure is also valuable in reconstructing the scene, [v. coniunction with the 
blueprint, overall photographs of the interior can be used to indicate the location 
ot vaVious rooms inside the building, by marking their ioc-ation on the print with 
a grease pencil. 
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e. Sex Offenses . This type of cTtme I^photographed in three phases: 
the victim; the victim's clothing; and the scene of the*assault. The offense of 
rape will be used as an example of this type crime. This is one of the more 
difficult crimes to prove, thus, photographs are of prime importance. Since 
resistance to the act is important, bruises and discolorations on the body of 
the victim are vital evidence. In addition to these marks, the condition of 
Vie iiperifically-affected p<.rts, and the presence of foreign hairs, fibers, and 
mological stains all add to the evidence that the act did in fact take place. 
Foreign matter adhering to the victim's clothing may, through laboratory analysis, \ 
verify the victim*s identification of the scene. This type photography lends itself ^ 
well to the use of color film. Permission should be obtained in writing from the k 
victim, or her parents or guardian in the case of a minor, before the photographs \ 
are ta^en. It is recommended that the victim's physician be present when the \ 
photograplis_are made. • \^ 

T " (1^ Photographing the Scene . The scene of the crime should be 

V^otographed to show its relationship to neighboring roads or houses, to show 
that the victim's cries could not be heard, or that the scene would not normally 
fe^ one used for a social meeting. A closeup of the scene should show disturbances 
in the ground, or in shrubbery or foliage; items of clothing or personal items such 
as a purse, comb, lipstick, buttons, as well as footprints or tiretracks are other 
items to photograph. Indoor scenes may have* broken or disarranged furniture 
or other signs of a struggle, and there may be signs of force^ntry, such as a 
cut window screen, a broken window, or tool marks on a door. 

(2) Photographing the Suspect , An examinatl^ft^of the suspect 
b\ a pmsician and the investigator may reveal evidence linking the suspect with 
the scene or the act. These items should be photographed. They are basically 
:he ^anie items that would be.noted on the victim: bruises, scratches, foreign 
matter m the clothing, semen stains, etc. 

' f» Crimes Involving Firearms . Firearms as a weapon, having 
the advantage of distance, can make the work of the photographers very difficult. 
The photographer should work with a firearms expert and the photographs should 
inade to conform with his views on how the evidence should be shown. It will 
be a definite aid if the trajectory of a bullet can be shown. One technique for 
'•ividh showing the path of a bullet is to stretch a white cord from the bosJ^/of the 
victim to the apparent point of the discharge of the weapon. The scene/should be 
photographed both with and without the cord, so that an overlay can be ft^ade, if 
it is desirable to show in the picture the path of the bullet. 
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(1) Indoor Scenes . Marks made by bullets on Impact vrith a wall 
or other solid object should be Dhotographed from the assumed point of f^re, as 
well as closeup. 

-(2) Outdoor Scenes . If the crime took place outdoors, the 
possibility of long trajectories or ricochet of bullets exists. Since the position 
of the person discharging the weapcji is often unknown and difficult to determine, 
photographs taken from the tody position ^long the estimated directioi^ ?f Tire 
become verj' important. 

g. Accfidental Teaths , .-.n accide-.ta! de;:h -s ohcto^j7ap':ad ia ^he 
same manner as a homicide. -l:ot?'graphs shouJd oe lakea of aaythiig th:.t 'ends 
to prove or illustrate how imd wh;> th.? accideat occjrr^i. Sp-icia! care should 
be taken to include photographs )0f any safet>' devices which were used, properly 
or improperly, or not used at all. Many times these photographs can be used 
as the basis for preventiori programs. 

h. Surveillance Photography . The purpose of a surveillance is to , 
provide the investigator with information or evidence. One of the best methods 
of recording this infornr.ation or evidence is a photograph. Surveillance photo- 
graphy is the same as ordinary photography except that the photographer must 
maintain secrecy. This means that the photographs must be taken from a dis- 
tance with a telephoto lens, or with a concealed camera. The 'Application of 
photography during a surveillaricre will depend on the nature of the surveillance 
and the purpose. Some of the more common applications are outlined in the ^ 
following examples. W 

(1) Cam.era Position . On a fixed surveillance, or when the 
camera is positioned at a suspected meeting pi ace of the suspect, the prime 
considerations are concealment and the field of view. The camera m.ust be 
positioned where it cannot be observed but still have a clear view of the area. 
It i§.best to take first an overall view of the $cene to establish the location, and 
then use a lens of long enouf:h focal length to make recogruzabie photoglraphs of 
the suspect(s). If motion pictures are used the first few feet of film should be 
taken of the data board, and if a clock is located In the scene's area the clock 
should be photographed at the beginning and end of each scene. This establishes 
the time the photographs were made. The data board is photographed on each 
roll of film. Notes should be maintained on the exposure, film type, etc. , and 
the names, time of arrival or departure of the persons of interest who are photo- 
graphed. Vehicles or other objects of interest should also be recorded if photo- 
gr'^phed. Cases in which this type surveillance photography i^ used are narcotics 
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purchases, blackmarket operations, thefts from parkeid automobiles, or 
when the meeting of two^or more persons must be proven to establish their 
presence at a certain area or that they are acquainted. 

(2) Moving Surveillance . A moving surveillance provides the 
greatest problems in photography, since the investigator is often in the open, 
and must take the photographs with a minimum of concealment* It is best ^o 
operate in teams, one man driving and the other acting as his assistant, taking 
the photographs ^md operating the radio, taking notes, etc. If a foot surveillance 
is required, the problem is increased since two men together are more obvious 
than one. If the suspect's destination is known, it is best to set up a pre-selected 
position and take the pictures when the suspect arrives, 

(3) Surveillance Leading to Apprehension, In some types of 
offenses the surveillance leads to an immediate apprehension, such as a narcotics ^ 
•sale. In cases of this nature the photographer must not only photograph the 
purchase, but the apprehension as well. WTien the investigator makes the appre- 
hension he will grasp the suspect^ s hands to prevent him from dropping or throwing 
the narcotic awav^ThiS action must be photographed, as well as the evidence still 
in the suspect's^and if possible- The evidence taken from the suspect's person, 
should also be photographed, such as syringes, hypodermic needles, etc. In 

this type offense, •if an apprehension is made after a forced entry and surprising 
Ihe suspects while they are using narcotics, the first photographs are taken as 
soon as entry is gained. This is to record the suspect's positions and actions. 
An} evidence revealed during the search of the suspec^ts and the room they are 
in must also be photographed, as and where it is found, and later at' the photo 
lab for identification anfLrecord, 

i. Disorders . Although not usually the responsibility of criminal 
investigators, disorders and riots may be of some interest from a criminal 
standpoint if they occur on a military reservation, or involve a military opera- 
tion. Motion pictures taken of the participants allow identification of persons 
involved, and study of the actions of various groups w,ithin the mob. If criminal 
actions are observed th^ motion pictui*e film is excellent evidence. Intelligence 
personnel may also have an interest or responsibility in the case, and should be 
invited to view the films, 

4. ARTICLES PF EVIDENCE, In addition to appjearing in the overall 
crime scene photograph to establish their location, all portable items of 
evidence should be taken to the laboratory where they can be photographed under 
the most favorable circumstances (see Lesson 8, Copy and Small Object Photo- 
graphy). Closeup photographs of perishable Items, such as footprints, and 
evidence that will oxidize and ^.hango color, such as bloodstains, must be made at 
the scene of the (;rime as quickly as possible. V 
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a. It is ven' important hyv the investigator to label » in .some 
manneV, even' item of evidence he cit'eepts» not onJv to prevent a possible 
mix-up of evidence but tor his own personal protection. All small items should 
^ be placed In containers and the containers labeled with a case number, (t is 

also recommended that the photographej give a signed receipt containing a 
description of all items passed on to him, and to dem^d a similar receipt when 
he passes an item on to another party. Thus» the continuity of handling can be 
preserved. It is advisable to observe some characten^tic peculiar to the 
particular, piece of evidence so that he can positively identify it laier as the 
m.aterial he received and photographed. 

i b. Important items of evidence, such as tools, weapons, and 
contraband, and items which may deteriorate or change with time should be 
photographed individually. Some objects may require more than one photograi^h in 
order to show trace evidence on ail*surfaces. This provides a permanent record 
of the original appea ranee "^^f the object, provides a supplement for the case report, 
and protects the valuable evidence from unnecessary handling. 

c. Photography of Blood . Blood oxidizes and turns brow^. 
Frequently the crime laboratory mil remove the blood from a weapon to analyze 
it, and there have been cases where a defense attorney has objected to a weappn 
being offered in evidence after it has been cleaned. Thus the photographer must 
work fast when photographing any evidence containing .blood. 

(1) Blood; per se, is easy to photograph. Color film should be 
used, especially with old, dried blood which may not record satisfactorily in 
black and white photography. Bloodstains are^requently found where the 
background of similar color makes it more difficult to photograph. There are 
several methods which can be used. 

(2) The object in photographing "blood is to capture as much 
contrast between the bloodstain and its surroundings as possible. A j*ed filter 
may lighten the blood more than its surroundings, and a blue filter may darken 
the blood more than its backgroimd. A very low grazing light,' especially ^when 
dealing with fabrics, w*ll sometimes record bloodstains because of the difference 
in reflectivit}' between the blood and the nap of the fabric. Also, fresh blood, and 
sometimes oxidized blood, will fluoresce when illuminated with ultraviolet light. 

d. Footprints and Tire Impressions . Imprints of shoes and tires 
are often found at a crime scene. Although these are usually reproduced by 
plaster casting, thev should be photographed first. Place the camera on a 
tripod with the film plane parallel to the ground. In the case of footprints, 
include a ruler beside the print and adjust the camera to obtain as large an image 
as possible. In the case of tire prints, select a length of track for best tread 
pattern, especially areas which reveal defects, such as cuts, which may help 
identify an individual tire. 
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0. Dusty Shoo JTints . Occasionally, dusty shoe prints are found on 
a newlv waxed lloor or on paper strewn on the Qoor. Thesc^ may be visible 
to the naked eye by use of crossiighting. Another method is to use a sticky 
material to which the dust will adhere, and which will lift the print from the 
floor. 

5. PHO'r(H;HAPIhC FVIDKNCE. Uliiio most of the rules pertaining 
to photographic eyidonce ba>ed on Chilian (;oiirt decision^, ihc\ apply to 
military courts and boards woll. They deal with the admission of the 
photograph evidence, and the weight to be given various type? of evidence 
di^icted m individual j)hotographs. The photograph offered in evidence 
should be a faithful representation of the subiect matter. It should not mislead 
the viewer in any important aspect. It should be free of distortion, in lines or 
.>hapeh, and tone relationships should be accurate. Important subject matter 
>houid be in sharp focub. There are two t\pe.^ of evidence photographs; those 
which represent objects of evidence, or a scene, and serve in place of the 
obiect, or a verbal description ot it; and those which actually prove a point in 
issue, such as bullet compari;>ons, document alterations or fingerprints. To 
be admissible in evidence, the obiect portraved must itself be admissible. 
The admissibility of photographs which prove a point in issue is decided by the 
court, based on the point in question, and the degree of effectiveness with which 
the photograph accomplishes this purpose. 

a-. -The use of photographic evidence is mentioned in several portions 
of the Manual for Courts-Martial, United States, 1969 (Revised), as follows: 

(I) Para 13^c* Weal Fvidenee. Ph\ sical obiects such as 
clothing, jewelrv, weapons, and marks on wounds on a person's body, ma\ be 
received or exhibited it the\ art^ relevant to an Issue m the case. Evidence 
of thl^ kind is called real evidence. If an item ot real evidence which has been 
introduced in the case is not to be attached to the record o\ trial because of the 
impossibility or i'mpracticalitv ot doing so or ior some other reason, the item 
should be clearly and accurateh described for the record b\ restimom , photo- 
graphs, or other means so that it may be considered properlx upon review of the 
. case. 

k1\ Para 54d/ .... When a docum.ent, such as an original 
record, which must, orj>bould ue, returned to the ^ource irom which it was 
obtained, is received in evidence or marked for identiticaiion, a suitable copy 
oV extract cop\ thereof will btj, >ub>tituted for the document and it will then be 
returned. Similar action ma\ be taken to substitute an accurate description or 
photograph for an item ot real evidence which must be returned to its source 
or is too bulkv for inclusign in the record ot trial. 
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' ^ Kara 144e. f.laps and Photoi^raphi^/ Map?:, ^otographs, 

X-ray's, sketches and rsimUar projections ot localitie^s, objects,' persons, and 
other matter are adniihsible when verified b> :m> jier^on, whether or not he 
made or took them, who is personally acquainted with the locality, object, 
person, or other thing thereby rejDresented or pictured and is able from his ^ 
own personal knowledge or observation to state that they actually represent 
the appearance of the <ubjert matter in question. S.:ch writings are also adinis- 
sible when they con^^ithin either the official record or business entry excep- 
tion to the hearsa>fl^V. 

b. These portions of the manu^u outline the ba^ic prerequisites fc^ 
evidence photographs n ^nii.tary courts. Zssennaih, the phctcg-^aph must 
be clear, sharp, free c J;:-,iortion, identifiable, ana m.ate-;ial relevant to 
tne issue(s) of the case.. 
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EXERCISES 

IU-:c^riRr\lENT. The lallo\\inj> oxtMTiso> nre multiple choice. There are 
tour alUM'natives io t»:ich exercise. \ou nre to select the one alternative that 
j> correct and mduaic \our choice by circling the correct response directly 
on the exercise booklet. 



1. Which of the tollowing is NOT a prime function of Investigative 
Photography ? 

a. Provides a permanent record. 

b. ^ Determines guilt or innocence* 

c. As§ists in the solving of crimes. 

d. Provides a graphic illustration of the scene. 

2. The information on a data card should include 

a. location^ time/date, and initials. 

b. . location, timeAdate, offense, and initials. 

c. location, case number, tinVe/date, offense^ and initials. 



d. case number, offense, and initials. 



3. . Which of the following is NOT a factor in initialh photographing 
a crime scene? 

a. Items photojrraphed should show enough of the surroundings to 
establish location. 

b. At least four photographs of the overall scene should be taken. 

c. The first photograph is usuall> of the entrance to the area. 

d. The overall photographs will fienerall\ be closeups. 
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4. To itisurt complete coverage of a scene, a pattet-n should be 

established. This pattern-should start at a p6ini on the perimeter and 
move 

a. clockwise in a spiral. ^ ^ , 

b. counterclockwise in a spiral. 

c. from the interior to the exterior of the scene. 

. % 

d. . from right to left,» getting each corner. 



5. After a fire, in which arson is suspected, you may be able to trace 
the fire to its origin because 

• % 

a. the alligator pattern of charring is not as- light absorbent as the 
surrounding areas. 

' ' ' , '> 

b. the checks of the charring pattern will be larger than the sUr- ' 

rounding areas, * 

c. the pattern of.charring at the point of origin is ^'mailer and 
deeper than the rest of the area. 

d. the point of drigin will be blacker than the rest of the Irea. 



6, Proper perspective means that the camera should be 

n. as close to the object as possible to get as close to actlialsize 
as possible. ' ' , 

/ b.. "at, a witness' eye level.' 

c. parallel to the floor. . ' ■ 

d. • about :3 feet from the floor. , . , 



tV To best show the alligator pattern of charred woocf >ou would use^ 

a. flat lighting. X 

b. diffused lighting. V — ^ 

c. one to two htbpVless^^^posure. 
d* one to tw(f stops more exposure. 

>. All of the following are TRUE statement's concerning photographs 
which are usea as evidence EXCEPT 

a. negativeis should be handled as an\ other piece of evidence and 
the chain of custod\ is the same. 

b. the processor of the film should be listed as a witness in ihe case 
report. ^ ' , 

c. negatives used as evidence cannot be altered or retouched in any 
way, except for an identification number* I 

'd. prints used in a criminal case cannot be enlarged or changed 
:r. am way. 

i). A rape victm^ has been hospitalized. You have been directed to take 
rnnro^;rfaih5 of hvr Tntur:e-, for *Anich :?he \\*\\\ have to be photographed in the 
ii.di. . i^cTore taking the photogri^phs \ou should obtain written permission from 

• _ • 

' a. the vicrim husoimd. - 

b. the attendin^: ph>?icinn. 

c. the victim, or parent, or guardian m the case of a minor, 

d. the Staff -ludge .Advocate) 



V 
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ID, Which of the following is a TRUE statement concerning objects 
or markers pl3c^d in and photographed as part ol a crime scone? 

a. It will giake the photograph inadmissrole as. evidence. 

b. All objects must be inpiaded on a Chain-of-Custcdy form, 
DA 19-31. f ^ 

c. They must be necessary for the ideniiricacion os &o.r.e object. 

d. They need not be verified as to their orcc^r cos::ion:ng. 

11. '"'n fixed survei..in';:-. .'le prime c?nsii*?rH:: >ns are 

a. the types of lenses used., 

b. concealment and fhe field of view. 

c. concealm.ent and the exposure factors, 

d. exposure factors and film type| ' . 

12. When an enlargement is made of a portion of a negative, for cojr: use, 

a. it must be supported by .tisL^mony to be entered as evidence. 

b. a contact piint should be submitted with it, 

« 

0 c. , It must be 16 x 20 inches in size. 

d. it maj; be submitted without any additional support or explanation. 
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In narcotiCvS inves^tigations, am evidence revealed during a search ol 
a person, or room 

a. can be photographed onh after the i^uspect has been advised 
of his rights. 

b. must be photographed when and where it wa? found. 

c. can only be photographed, and used as evidence, after iftyis 
been determined to actually be contraband. 

d. should only be photographed in the photo lab under ideal 
conditit)ns, as a statement from the investigator will verify when and where 
It was found. 



14. Upon arriving at the scene of a burglarv , the first photographs 
you would normally take would be of 

a. the exterior of the building or site, 

b. marks left by tools. 

c. trace evidence, since the investigators might leave their own 
traces. • - ^ 

d. articles left at she scene. 

r 



15. Color photographs of a victim of hanging should taKen, since color 

t 

a. presents a more vivid portraval than black and whKgjJ^ncreasing 
chances for a conviction of the suspect. 




b. provides a better record of bod\ discolorations than black 
white, and is bette'^ evidence in court. 

c. <ho\\.s more detail than blacl. :md white photos, adding tcTtheir 
value as evidence in court, and allows the )>;ahologi.st to add testimony not 
included in his report, 

d. provides proof of the pathologist's autopsy findings and demon - 
strates tissue damage* * 

t 
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^ 16. A data card is 

a. placed in the scene to identif\ each individual photograph. 

b. a complete technical history of a print or negative. 

^ ^ c. used to verify the n:acenalit\* al!nd re!Wnc> of each photograph, 
d. used to identify the photogradhs and t.ie loca^;on o*" L:e scene. 

17. ?>.otcgraphs xi ^ \-c.:in should be ta!<e- 

a. only at the morgiie, since a doctor must be present. 

b. only at the scene, since any photographs taken after the body 
is moved would not be valid. 

c. at both tlje scene and the morgue. 

«» 

d. only afier the victim is officially declared dead. 

IS. When photographing a homicide victim, to locate the body in the 
scene and its position in relation to other articles, vou shoula 

a. include a ruler in the photograph. 

b. photograph the body from nl! four sides. 

<& 

c. take at least two photographs of the bodv at right angles to one 

another. 

d. get as far above the bodv as is pos.^ible bv using a chair, for 

example. 
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\U. DuTinji preirial invt-su^ation ol a honiieidc, \ou are a.^^ked - 
how photographs of the scene made b\ imother photographer, who has been 
tian>ierred, can bo id(»ntified. Vt)U wounT replv that 

n. the data cnrd on each print can identify that particular photo- 

b. a deposition left by the actual photographer must be used in the 
pretrial mvestii^ation. 

c. an\one familiar with the it^cene can identify them. 

d. identification is required, and the photographer must be recalled. 

20. > he first photograph of an undisturbed victim of hanging would be 
of the overall scene, including the body. 

b. ^ of the rope marks on the victim's neck. 

c. under clinical conditions at the morgue, with a doctor to supervise. 

d. of the bodv, with some9jare i>tanding next to it to show perspective. 

21. of the four choices given Ijelow, the most important element of photo- 
;;raphing the scene of sex crimes, is the photographing of the 

a. victim at the scene while the detaiU are still vivid. 

b. victim"b clothing with intrared to detect semen stains. 

c. victim's iniuries as soon as medical personnel allow. 

d. scene of the crime showing terrain, bushes, buildings, etc. 



• / 
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22.. Photographt; tdk<^n ofN^wi^ini of drov^nlng. Foul piay is 
>uspected. The hen.^ of primary interest .vould be 

a* the :>cc'ne uhere ihe body was located, showing ii heing lemoveo 
tr^rr. ihe water. 

o. the tyre territr 'n %vr:ich tne oodv \vis £0und. 

c. the comer;.; of^the vlcam's :o"k' 

gC" the vic.i . b^dv dUcolo^adjn, bru:i:er :ir.c jir.c; mji<o 



il of the ^ono'A'ing statements are TRUE conc^rriing individual p*icto 
rt?sii items of evidence, EXCEPT 

they are adir.issible only if t!^e original item is '-^available, 
they pro vide a perrnanent^record of rnv or^gi-iai apfeararrj. 
th^x' cro\^.de supp:ement^ tor the casc? repor.. 
they prctt?: valuable ?v)c:ence from urineces3?.ry handling. 




24. WTien pnctographing during a lire, in which arson is suspected, yea 
would tr\ to photoc;r?.oh ^ 

any items which oculd have been used In startiftg the fire. 
II. prc:ective devices which may have been tampered with, 
ni. spectators. 

IV. the ?rrzn^ement of doers and vindcws. 

« 

a. r\' only. 

b. I and IL 

I 

C. I, ::. anci [\\ 
d. nil of the above. 



2'^ I 
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25* Vou w-ant to photograph bloodstains on a pair of pants* One method 
of accomplishing thit^ would be to 

a. use iodine fumes to bring the stain out. 

b. use a low grazing light. 

c. use the n.axiinum aperture your camera will allow, 
d* place lights at a 45^ angle to bring out thV-stain* 



4 
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ARMY CORRESPONDENCE COURSE OF 
THE U. S. ARMY MILITARY POLICE SCHOOL 



EXAMINATION ■ \, 

SUBCOURSE NO. 4-12 I • Investigative Photography. 

CREDIT HOURS 2. 

TEXT ASSIGNMENT Ail texts and references previously 

used. 

NLATERL^LS REQUIRED . None. 



examination objective 
suggestJons 



To test your knowledge of material 
covered in the previous lessons. 

Review text assignments and solutions 
to previous lessons before answering 
questions. Use answer sheet provided. 
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EXERClbES 



REQUIREiMENT. The follcnving exercises are rfiultiple choice. There are 
four alternatives to each exercitJe. You are to select the one alternative thc^-t 
is correct and indicate your choice by placinii; a jprosh (Xi in the space provided 
on the answer sheet. 



1.' Wherf an enlgrgement is made of|a portion of a nc^'-^tive, for court 
use, you should also submit 

a. a contiict print. 

b. the chain of c^astody statonient. 

c. lui explc-ination of the scene. " 

d. all available technical information about the negative? 



2. An accelerator increases the rate of oxidation of the 



a. solvent. 



b. reducer. 



c. fixer. 

d. restrainef. 



3. To best show the alligator pattern of charred woori at the point ( \ 
origin ol a fire, you would most likely use 



a. 



c. 



d. 



flat lighting. 
2 f/stops overexposure. 
flo6d lights placed at 45^. 
diffuse or refracted lightinj;. 



23 J 



4. The reneclion of light from . Mi - v.ouM pi- i»y'M n .assed m 
3. spe-'-oliir. 

b. refractive. 

c. dilluse. 

d. drn>>?. 

5. All of the following ^re eharactertstics crfa film emulsion EXCEPTS 

a. contrast.'' 

b. grain. 

c. ncutance. 
cl. halation. 

tj. The trajectoiA "Hm a ho >houn b\ >trL'U hn'^ u!ut; . (^rd 

froni point of impact to tiu ripp mhsU point of discharge and [iitoto'^'raphing it. 
Vou would also 

a. record the azmuith and distance factors. 

h. pose someone, wit)) a weapon, at the point of di^ehcirge.'^ 

c. lake ^ cFose-up of th^ cord so that it may Ititer be -readily id(n\titi( 

d. photograph the scene.without the cord. 



i-lJ 'l; 1 -.; 
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7. In c^^iAg^ a 1:1 image si/j' roquivv*^ that the'distance fr-nn i\\c ui.V 
to the print be' ^ . ^ . » 

a. the same as the focal length ol tht^ lens used. 

b. twice the focal length of the lens used.i 

c. four times the focal length of the leas ubcd. 

d. eight times the focal length of the lens used. ' 

r 

8. If development time is extended, in the diffusion reversal s>.s,te/n, 

■ • \ 

a. contrast is increased. 

b. ^ the print will be blurred. 

c. contrast is decreased. 

d. the final print will not bdl any good. 

9- Positive lenses are thicker at the center than at the edges and cau.^e 
light rays to 

a. disperse. * } . 

' b. converge. 

c. divide. 

d. coincide. . ' 
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10. You are photographing a homicide. Your method of photographing, 
the scene would most likely be 

a. to photograph the body first, since an autopsy must be quickly 
performed, then the scene and evidence. 

i b. to start at the entrance to the scene, work in a special, clock- 
v\l5e manner, taking overlapping shots, and photographing the victim last. 

c. to photograph fragile evidence first, then the victim, then'the 
overall shots of the entire scene; each shot overlapping the others. 

d. ^ to photograph as soon as the^^cepe itse^'^t?^^ processed, and 
make the^hotographs in an overlapping, circular manner. 

11. A special problem is created when photogij|b.phing light fingerprints 
on a dark background. The problem is that 

a. light powders will not cling to light fingerprints. 

b. the image produced in the^JKnal print is reversed* 

c. you must use filters to elimina^^glare, caused by your lights. 

d. a reversal film, rather than a regular process film, must be 

usedi 



12. When a distance scale is engraved directly on a lens mount, as on 
most 35mm cameras, there is usually, also, an, adjoining 

a. speed scale. 

b. bellows distance scale. J 

* . ^ 

c. Vernier scale. 

d. depth of field scale. 
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13* The shutter fast speed control onjthe KS-15(1) controls speed from 

a. 1 to 4/25 of a second. 

b. 1/50 to 1/500 of a second. 

c. ' 1/100 to 1/500 ^ a second. 

d. 1/25 to 1/1000 o\ a second. 

14. The difference in the density of metallic silver in a film emulsion 
is known as 

a. shadow. 

b. brightness. _ > 
- c. contrast. 

d. highlight. ~ 

* 

15. You are using a filter whose factor is 2, on a range finder camera. 
You must 

a. decrease the original exposure by 2. 

b. decrease Jhe aperture by 1 f/stop. 

c. increase the original exposure by 2. 

d. increase the aperture by 1 f/stop. 



/ 
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16*. A negative should only be marked *vith 

a» photographer's initials and identification number. 

b. time 'date taken and photographer's Initials. 

c. identification number. 

17. The correct order for the steps in the development process is 

a. fixing, .development, washing, riDSing, and drying. 

b. development, rinsing, fixing, washing, and dryiilg. 

c. development! washing, rinsing, fixing, and drying. 

d. development, fixing, washing, rinsing, drying. 



16. The photographing of objects which are too small for a conventional 
lens and too large for a microscope is called 

a . mac r opho togr aphy . ^ 

microphotography. 

c. close-up photography. 

d. telephoto photography. 
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19, You find a document at the scene of a crime on whicht you feel, 
•chemical erasures may have been made. The best method for examining 
this document would be ^ 

'a. treatment with infrared light. 

b. oblique or ftat lighting. 

c. to use ultra-violet light. 

d. treatment with iodine or benzine. 

20. To prevent interaction bet^^^eeQ the preservative and the hardener, 
in the development process, you would add 

aJ* soluble silver halides. 

b. potassium alum. 

c. sodium sulfate. ' ^ „ 

d. acetic acid. 

. Depth of field is the distance between the nearest point of acceptable 

sharp focus and 

a. infinity. 

b. the fi^m plane. ^ 

c. the farthest point of sharp focus. 

d. the hyperfocal distance. 




IZ. For gfrncral copy work, of non^toxtured surface.^ , the illumination 
uso(! IS usualh 45^ lij^btinj^. Thi.s calN for j 

a. two spotlights, with barn (ioors, on both sides of the caxnera. 

• b. two flood larr.ps, in reflectors, on both side.s of the camera. 

c. onc*spotlignt at a 45^ :ingle to the main surface of the object 
being copied. 

d. one flood lamp two reflector? placed at 45^ angles. 

* 

23. Black and white films reproduce colors as shades of gray. Sensitivity 
to colors otlifer than blue, violet, and ultra-violet, is obtained by the 

a. addition of pulverized silver to the emulsion. 

b. staining dyes incorporated into the film base. 

c. addition of various dyes to the emulsion during manufacture. 

d. addition of a filter layer in certain film emulsions. 

24. If an aperture is increased by one f/stop, twice as much light is 
admitted as before* If shutter speed is increased by one speed 

a. one-half as much light is admitted* 

b. twice as much light is admitted. 

c. the aperture must also be increased by one f/stop. 

d. there will be no change. 
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25. Film emulsions which are sensitive to all colors are^ termed 
a. monochromatic: 

orthochromatic. 
c^. panchromatic, 
d. monchromatic. 

26. On the KS-15(1) camera, the amount of light which reaches the 
film is determined by the 

a. interval betu'een the tw-o lens curtains. 

b. focal plane/camera lens distance. 

c. optical diaphragm. 

d. lens-fdcal length. 

27. In small object photography^ to obtain maximum depth of field, 
you would use 

a. , the bellows extension factor to compute your settings. ' 

b. 45^ flat lighting, wherever practicable. 

c. the smallest practicable lens aperture. 

d. jthe camera at as high-an angle position as possible. \ 
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}^ Since the light intensity of a hazy sun is less than that of bright 
sun, the lens aperture setting for hazy sun^hould be 

.a. one stop smaller than the setting for bright sun. 

b. one stop larger than the setting for bright sun. 

c. two stops smaller than the -setting for bright sun. 

d. two stops larger than the setting for bright sun. 

29. When light is passed through a prism and separated into its color 
components it is 

a. dispersed. 

b. disintegrated. 
yCfT^separated. 

d. refracted. ^ 

30. A lenses "speed'* is the ratio of the diameter^of tfie lens to its 

a. focal plane. 

b. aperrare. 

» 

c. image size. 

d. . focal length. 
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31* Yon are called to the scene of a fire in which arson is suspected. 
When you arrive, the fire hl^s reached its peak of intensity. The first 
pictures you take would be \ x 



a. overall views to show the condition of the structure. 

in sequence to show the pnth of the nre through the building, 
c*. with infrared to penetrij;tc the smoke and steam, 
.d. color motion,pictUres to show color of the smoke and flame. 



32. On the KE-12(2) camera, there is a mounting bracket attached to 
the upper right portion of the outer side of the camera body. This bracket is 
for mounting the 

a. polaroid adapter. \ 

b. filmholder. \ 

s c* optical view finder. \ 
d. flashgun. \ 

33, When photographing rectinguijar small objects, the fill lights should be' 

a. • 1/3 to 1/4 as bright as th€\ main light. 

\ 

b. , 1 to 1/2 as bright as the main light. 

c. the same brightness as the main light. 

d. twice as bright as the main light. 
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34. In processing film, the type of film used and the type of developer 
us?cci will usually determine 

a. development time. 

b. exposure time. 

c. developer life. 

d* chemical decomposition. 

35. The differ^tnce in the angle of view between what the camera lens 
transmits to the film akd what the photographer sees through the view finder 
is known as 

^ 

a. flare. / 

b. parallax. 

c. astigmatism, 
'd. correction. 

;'>G. At a distance of 12 feet, light from a point source, according to 
the ti\erse Square Law, the area over which the light would spread would be 

a. 11 square feet. 

b. 22 square yards. 
^ c. i22 square feet. 

d. 4^4 square feet. 
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37. Light is generally controlled, in lenses, by an aperture. As the 
size of the aperture is succeedingly diminished, the amount of light passing 

^through the lens is 

a. one-half as much for each succeeding stop. 

b. one-quarter as much for each succeeding stop. 

c. doubled for each succeeding stop. 

d. four times as much for each succeeding stop. , 

38. The main criteria for placing objects or marks in a crime scene 
and photographing them is that 

a. they must be included on DA 91-60, Chain of Evidence Form 

b. they should not be too visiljle as this would detract from the 
object in question. 

c. you must obtain permission from the ranking individual at 

the scene. 

d. it must be necessary in the identification of some object. 

39. ^'ocal length determines the 

a. size of the image at the focal plane. 

b. amount of light which reaches the focal point. 
^^c. maximuxfi'^effective aperture of the lens. 

d. distance to the hyperfocal point. 
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40, Floodlighting usually requires, an increase in the size of the 
lens aperture because 

a. it compensates for the brightened bluishness of the light, 

b. it is usually below sunlight in intensity* 

c. artificial lighting changes the film speed, 

d. floodlis^hting causes more shadows. 
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